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FEXZFPLOCSIVE COMFOSITIONS

Report Subtmitted by
D. B. MacDougall, E. H, Eyster
and C. A, Weltman
Explosives Research Laboratory
Bruce uoii, Pa.
Logtrast

1 ArrangemAni® NavA heen made To meAnTacture 5000# 01 PEr-4
at the duPont Eastern Laboratory.

Semples of PEP-2 continue to show no aprreciable changes ir
plastic properties after 5-1/2 months' storage at 60°C.

Polar RDX PE madc with British lecithin continues after 2 months'
storag: at 60°C, to retain its plasticity. Under similar storage
conditions plastic made with american soy-btean lecithin has bad-

ly deteriorated in consistency.

In the flame sensitivity test, it has been found that Tetryi-IFTE
has a rather high inflammaebility index (I.I.), and that RDX-IPE
has a higher I.I. than Poler RDX PE. On the cther hand, PEIN-IPE,
like PEP-Z, cannot even be burned in this test.

Tests with the cal. 0.50 ball amnunition have shown that RDX
ané PETN-IPE's are definitely less bullet-sensitive than Comp-
osition C-2 and PEP-2.

2. Further bullet tests have oconfirmed the reduction in sens-
itiv%ty of Composition B produced by increasing its wax ccntent
to 4%.

3. The relative irsensitivity of the liquid explosive kethylite-
20* has been further demonstrated by its ability to withstand with-
out detonation the blow of a 125 1b, hammer falling through 5 ft.,
and orushing a half-pint ocan of the explosive on a steel plate.

4. Further attempts to initlate thin films of Torpex tetween
metal surfaces have given no detonations capable of propa-
gating to attached large charges.

A further study of the contact angle made by the TNT-%ax
{Aristowax-Alox) interface on aluminum has been made, with
special reference Lo the hysteresis of the contact angle,

It has been found that aluminum particles cannot be completely
covered by this wax in the presence of molten TNWT.

- ee e W e W@ W W @G M We W W W W Wz *® W ap W ep WS w= ™ 2w @ e - -

*¥ A liquid explosive mixture developed at the ERL, consisting
of 80% Nitroglycerine (NG) and 20% dimethylphthalate (DMP).
The Nitroglycerine contains 25-30% of diglycerine tetranitrate
(DGTN) as an anti-freszing agent,
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¢. Further experiments with cuaternary ammonium salts as
agenta to improve the pourabllity of Ednebols have veritied
the fsot that they are efrectiv-. The particular salis used,
howsver, dscompose slowly in the slurry at 100°C, =o search

ig beinr made for more stable salts.

ie a very good gannf f‘n“ *hhnrn'ui no the nmlrahﬂitv

{
Ednato;s and does remain stavle, The bonstituent of' the
xture which is active has not been idcatified.

1, Plastic Exnlosives

(1) PEP-2
Arrangenients have been made for the shipment of
2500 paper boxes, 2750 sheets of vegetable parchrient paper,
and two drums of Crown E o0il, to the duPont Eastern Laboratory
for the manufacture ot 5000 pounds of PEP-2,

(2) Storage Tests.
ra) FobP-2.

All of the sanples of PP-2 in various wrappings have
been in 60°C storage for 5-1/2 months and still show no appreci-
able change in plastic propsrties,

(b) RDX Polar P.E., nade with British lecithin,

After 2 months' sturage at 60°C in closed and open
containere, the sample of RDX Polar PE made with British
lecithin still shows no sign of deterioration. It has beccme
firmer, but there is no evidu- -e of surface cracking, as was
seen after similar storage in samples of similar plastic made
with American soy-bean lecithin, This further confirms the
difference in behavior of the british lecithin from Arachis
nuts and the American soy bean product, with respect to stcrage
stability of the RDX Pclar plastic, reported in last month's
report (PT-18, p.5).

(3) Insensitive Plastics,

No further developmental work has been done on in-
sensitive plastics (designated RDi.-IPE or PETN-IPE). Further
exudation tests of t he mixtures described in Division 8 Interim
Report PT=17, n.5, are being carried out by the following
method which it is hoped w11] he r.ore rpn]iqfir than the standara
method hitherto emplcyed for plastics, A steel cylinder 1-1/2n
I.D. by 1-5/8" 0.D, is filled with the plastic and suspended

over a watch glass which will catch any oil that drips out,
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Aftar varicus times of storags at €0°C, the oil whioh has
drippad out will be weighed, and, in addition, po:'lons of
the piastic will be analyzed for o0il to determine any changes
in consentration over the length of the sample.

Since thse results of the standard exudation test were a0
high, attempts are being mads tc cut down the loss of oil, Ia
Oné SUCN GTUEMPU, VELry 1146 Ihie, waas oy &rcwning sn eocstnna
sojution of PETN in water was used, This matariel was too
fine to give a plastio with 19% o1l, bdbut it iz felt that a
reduction of exudation mey be effected by controlling the

particle gize,

Other methods of reducling exudation, such as the bodying
of the 0il by the addition of scars, are under consideration
and will be sexplored.

Some time has been spasnt preparing large batches of
PATN-IPE, RDX-IPE and Tetryl-IPE for rifle testing with in-
cendiary armunition,

(a) Flame Sensitivity.

The Inflarmability Indices (see "Physical Testing",
thie report, Page 16) = of seven plastic explosives have
now u3cn determined. The insensitivities to flame orf the
insensitive plastics are of special interest in the following

table,

Explosive Inflamnebility Index
PETN-IPE O {will not burn)
PLEP-2 0 (will not burn)
dvPont PETN-Gelatin 50
RDX Polar PE 138
RDX-IPE 162
COMPOSITION C-2 178
Tetryl IPL 195
Campositicn C=-2°' 229

Contrary to what might be expescted, the RDX~IPZ is more
sensitive than the RDX Polar PE. This may merely be due to
the presence of bare crystals on the surface of ths unrolled
RDX-IFE, These crystals are not protected by a film of oil,
and thsrefore mey be ignited wors reedily, That this is
reasonable is possibly also indicatsd by the fact thet the
unrolled Composition C-2' has a higher Inflanmability Index
than the re¢lled Composition C=2, which is otherviise of rather
similer ccmposition.
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The Tetryl-IPE behaves a 1ittle ditferently from the other
plastics, 1its reaction being more like that ¢f a cast explosive
than that of a plastie. Tn moat instances, ths materlel starts
burning, but continues to burn for only 15-2C seconds. Surh
2 resction 1s rot counted as a burning in determining the In-

{lammabliity Index.
(b) Bullet Sanaitivify (#.H. HOgZers)

Since even the ordinary RDX plastics, such as Composition C
and Composition C-2, and PEP-2 are insensitivs to cal. 0.30 ball
amminition, an attempt to distinguish their sensitivities from
those of the RDX snd PETN insensitive plasticas has been mads,
using cal. 0.50 ball ammunition. The plastic samples wsre con-
tained in zﬁ(?ipe-nipple containers. The following results have
been obtained.

NE EP E EC
Composition C-2 10/4 5 1 --
PEP-2 9/4 5 - --
RDX~IPE 10/10 - - .-
PETN-IPE 10/10 - - S

This test shows clearly that the "insensitive plastics'" are less
bullet-sensitive under these conditions than the ordinary ones.
It is nlanned tc supplement these tests with tests of all the im-
portant plastics, using 0.30 and 0.50 caliber incendiary bullsts.

2. Composition B.

(1) The Use of Paraffin in Composition B. «(L. Goodman)

Standard exudation tests have oeen made toc compare the
amount of wax exuded at 60°C from Composition B samples made with
peraffin with the amount exuded by commercial samples made with
Aristowax~Alox. The results were rather irregular and are belng

rapeated.

Bullet sensitivity tests of this type of Composition B:
using cdiber 0.50 ball ammunitiocn, are under way.

(2) "Superwaxed" Composition B. (0. Bolduan and W.H. Rogers ).

A Composition B whose composition was 60/40/3.8/0.2,
RDX/TNT/Paraffin/Lecithin, nhas beern tested in the 1" pipe nipple
assembly with cal, 0.30 ball ammunition, and geve 2 fellures in
20 trials (PT-18, p.9). In an effort to increase the precision
of this sensitivity determination and, at the same t ime, be sure
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the fallures were independent of the preparation, 2C more samples
wel's inaGs up and the containers numbered in ths ordsi ¢f peuring.
Samples 1-9 were poured at about 90-959C while 10~20 were poured
st 85-90°C., In this serles iherse wss ono fallure (#12). The
resulits of all test3s on this composition ars;: -

a( 37 P i —~

These rosuits suggest that this material has been grsatly de-
sensitized by the extra wax. However, it is almost toc in-
sensitive to be well testad with the cal. 0.30 bullet tsite

Qarples are to be tested using the more appropriate cal. 0.850
bullset. '

3. Liguid Explosives. (L. Goodmen)

T o supplement earlier measures of the insensitivity of
Methylite-20, a 125 1lb. pendulum~hammer was dropped from a height.
of 5 ft. ontc a half-pint paint can filled with the liquid ex-
plosive. The can was completely amashed by the blow, but there
was no evidence of detonation.

4. Torpex.
(1) Sensitivity and Propagation of thin layers of Torpex.

(L. Goodman)

Attempts have been made tc detonate wedge-shaped Torpex
charges by impact of a csl. 0.50 machine gun bullet. The charge
used was cased in 1/32" steel and hai a thin portion which had
the approximete dimensions 2" x 1" with about 2-4 mm. thickness
of Torpex. The top of the charge was flared out to give &

3" x 2" x 1" block of Torpex. This charge was fastened to e
3/4" steel back plate and struck in the thin portion with a
cal. 0.50 ball bullet, with no further cover plate than the

1/32" case. In two trials no detonations were observed . Our
experience with large charges of Torpex indicates that a thick
layer of this explosive, so cesed end struck with sucha bullet,
would in general detonate at least low order.

Some experiments have oeen carriesd out to determine
whether a block of Torpex connected by a thin layer of Torpex
to a second block of explosive is detonatsd by sympathetlc de-
tonation or by propagation through the thin layer when cne of
the blocks is set off, high order, by a detonator-booster
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assembly. When twe blocks, connected by a layer oi Torpex about
< nm, thick, 3" wide end 6" long, have several stesl plates
protecting the second block from the first, detonation seems

not to be transmiited to the scccond through the thin layer.,
Similar experiments are being made to detarmine the thick-

acss of layer required to transmit the detonation for a distancs
of o7,

(2) The Wetting of Aluminunm in THT by Wex. (0. Bolduen)

The contact angles of TNT and of Beeswax on alumina rave
been measured (PT-15, p.l10) and & description of the physical
state of the wax and aluminum particles in Torpex has been
given {PT-1li4, p.1l0). Values for the actual interfacial con-
tact angle, TNT-Yax on aluminuam, has not been previously given,
and until this has been dzstermined to be greater than zero
on the wax side under both advanoing end receding conditions,
the possibility of aluminum »articles being completely covered
by wax, even in the presence of TUT, cannot be cormpletely ruled
out. Tuls interfacial contact angle has accordingly been
measured, using Aristowax-Alox as the wax,

A plate of polished aluminum was placed in a bath of
Aristowax~Alox (10% Alox). Droplets of TNT were dropred onto
it. T.e shape of the droplets was observed. The droplets were
found to have a contact angle which was slightly less ihan
90¢ on the wax side.

The reverse of this condition was observed, A plate of
aluminum was suspenced horizontally in a bath of molten TNT.
Droplets of wax were olaced undernsath the aluminum. The drop-
lets were observed to have a contact engle slightly less than 90°

T -
PPobhg ¥a¥ 3148 10708 RAVPLANE. Vas RERKED, YiROPPUREENRR ATy
slightly but there was no tendency ta spread. Accordingly,

neither the advanclang nor receding contact angles are zero oi
the wax side. Tnerefore, aluminum cannot be cdmpletely covered

with a layer of wax in the presence of molten THNT.

5., The Bffect of Surface-active Agants on the Pourability

of ®inatols. (0., Bolduan)

(1) Guaternary Ammonium Sclts.

Further studies of the use of two quarternary
ammonium 8 s, dimeth ben stearyl : ni chlorjide and
Lauryi pyr?%fuium gromfée ?P%Z}B, p.ii} ngfca%g tgat %ne rg-
ported darkening of Eu.&atol slurries in their presence was due
in part to the fact that the early exYeriments were performed

in copper beakers. Ia stainless steel the discoloration is
much reduced tut still present. Thc visible improvement of
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Edna 01 slurries by such agents has, mcreover,
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It was suggested chat the dsrkening of the slurries is
probably the result of decomposition of the quarternary ammon-
ium sslts, and subsequent reaction of their decomposition pro-
ducts withh TNT. In periicular, it was pointed out tihat the
DenLyl RIVup wiglib cwuniiibubd Lo UNS i;:t*%ilit, cf dimoehyl
benzyl stearyl ammoniwa cihloride. Saamples of other quarternary
ammonium salts are being obtained and prepared in a search for one

wnich will be more stable in the presaence of TNT,
(2) Lecithin.

It has been found that the addition of a thin oil, found
at the top of a can of soy-bean lecithin (Hachmeister), im-
proves the pourability of Ednatol slurries greatly, and does
not cause discolorstion or deterioration of the behavior of
the product in the 135°C thermal stability or 100°C vacuum
stability tests. However, it was found that the addition of
this lecithin thoroughly mixed, or of the thick fraction of
this lecithin did not improve the pouratility, but decreased
it, in most cases, until the resulting slurries were worse than
those with no additive. The addition of this thick fraction
caused a change in the texture of the slurry such that it re-
sembled more closely the texture of a slurry to which the thin
oil fraction had teen added, tut large aggregates were formed
and the slurry became more "doughy" Other single-phase
lecithin samples behaved in general like the thick fraction of
the Hachmeister sample, and did not improve pourabllity.

Accordingly, three different lecithin samples were sep-~
arated by acetone extraction into two fractions. The acetone
residue consists mainly of lecithin and kephalin, while the
acetone extract contains most of the other constituents of the
crude lecithin. An approximate analysis gave:

Sample % Acetone
Txtract
a) Soy~bean lecithin L6
(Hachmeister)
b) Soy-vean lecithin - 29
(Bergstrom)
¢) Arachis nut lecithin - Britieh 26

(J.Bibby & Sons)

It was found that the acetoie extracts from each of these
sanpies improved the pourability of 56/4L4 Ednatol slurries,
while the acetone residues mede their pourabiiities worse,
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The active ingredient in this acetone extract is, as yet,
unknown. Scme of the possibilities are:

-
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'pahfaﬁility.

(2) Triglycsrides - soyz bean oil which is mainly a
triglyceride was tried. No effect on the pourebvility.

(3) Fatty Acids - all lecithins have et least one un-
saturated faity acld and usually cleic or lincleic acid.
Oleic acid had nco effect op the pourability,

{(4) Mono - or diglycerides - A mixture of monoglyceridss
from cocoanut oil was tried. Mo effect on the pouredbility was
observed,

Moreover, none of these, except lecithin, increased the
pourability of a slurry consisting of Haleite in nitrobenzene
or benzene, Lecithin did aid these slurrles, though it does
not aid the slurry in TNT,

The behavior of lecithin in molten TNT wes cohserved.
Leolthin which had been extracted with acetone was added to
molten TNT. It formed a hard mass, appeered somewhat decom-
posed and showed no tendency to dissolve. This suggested the
pessibility that 2 good dispersion of the lecithin is necessary
for its action. To test this hypothesis, lecithin was dissolved
in benzene, Haleite added, filtered off and dried. This leo~
ithin-coated Haleite was added to molten TNT to form a 56%
slurry, The resulting slurry was poorer than one with no agent
and darkened considerably upon standing. Some lecithin was
also dissolved in paraffin oil and in soya bean oil and then
added to a 56% slurry. No effect was observed,

Accordingly, it appears that there exists, in the acetone
extract of commercial lecithins, one or more materials which
are good surface-active egents for the improvement of the
pourability of Ednatols.
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PHY3ICAL TESTING
Report Sudbmitted by
D, P. MacDougall and E. H, Eyster

Explosives Research Ladoratory
Bruceton, Pa,

1. 3Impact and Mortar. R. Davis

Zuring the four-week period bstween February li and March 11,
1944, 9977 shots were rired on 30C samples in the various
impact machines. Most of the samples tested were of lceal
interest, Some time has been spent on the "tooth-pick"
design (Machine No. 13j, in which the flat striker is =aus-
pended over the sample on the flat anvil by neans of a
splinter of wood, whiok breaks when the weight hits the
striker, In this machine, the striker delivers a real
blow to the sample without the spreading effect produced
in the more conventional design when the striker is pressed
- against the sample prefaratory to dropping the welght. This
method haa proven pearticulariy useful {n testing liouid ex-
plosives, As the results are still in a preliminary stege,
no figures will be reported et this time, but a full report
on this and the sandpaper design (Machine No., 12) will be
given later.

2, PBullet Senaitivity Tests. W. H. Rogers

(1) Studies of the Effect of the Container on Bullet
Sensitivity.

A series of experiments has been undertaken that has as its
object the determination of the effect of the nature of the
container - particulerly its size ~ upon the sensitivity of
an explosive to bullet impact, It is already known, of
course, that very light containers such as cardboard or
sheet metal give lower sensitivities than heavier containers
such as pipe-nipples, but that when containers become so
heavy that they are not perforated by the bullets, the sen-
sitivity again decreases sharply, It would also appear,
however, that large charges in such service containers as
bambs and depth charges are more sensitive to bullet impact
than the same explosives confined in small ladoratory containers,

?o study the effect of size on contalner, within the weight
Lipits which our testing facilities permit, pipe nipple con-
teiners of various sizes have been chosen, To keep dowa the
weights, the lower cap has been filled with paraffin, while
the upper one, as usual, has been left empty. Now as the
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diemeters of the pipe-containers change, their wall-thicknesses
chmnge ulso, but gsncrally this Is also the case with muni-
tions of & given type, so it does not seem to be a great dis~
advantage, Cast Pentolits (50/50} and perhaps &iso cast
SompGrition B oor £0/40 Cyelotol sare to be used as typloal

\4'-“:\.—

ordinary explosives, while oast Torpex II will be used es
a typleanl aluminized explosivs.

{a) Effect of Length of Conteiner.

The effect of increasing the length of the regular 1" pipe-
nipple from 1-1/2" to 3™ has been studied with cast Pentolite,
and, more briefly, with cast 60/40 Cyclotol and Torpex II.

In the latter two cases the data on 1-1/¢" long nipples

were not obtained with the lover cap wax-filled, so there

may be some doubt about the vaildity of the comparisons,
although with Pentolite the results seem very little chauged
by substituting wax for explosive in the caps. The following
results have been obtainred:

Pentolite, 50/50 Cast No, N,E, E,P, E. E.C,
6

i" p.n., 1-1/2" long 20 6 5 3
(30%) (25%) (30%) (15%)
2

i"p, n., 3" long "4LO 30 3 5
(75%) \7.5%) (5%) (12,5%)

Cyclotol, 60/40, Cast

1" p.n., 1-1/2" long 186 1060 57 17 12
(54%) (31%)  (9%) (6%)

1" p.n., 3" long 10 9 1 - -
(90%) (10%4) - -

Torpex II. Cast
i" p.,n., 1-1/2" long 34

9 25
(35%) (65%)

1" p.n., 3" long 10 1 7 2
(10%) (70%) (20%)

With Pentolite, the decrease in sensitivity with length

is reasonably well verified, and the results with Cyclotol
geem in agreement, It is nct at all clear thst the increase
in sensitivity indicated by the results with Torpex IT is
real, more work is to be done on this subject.

- 12 - CONFIDENTIAL
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(r} Effect of Diemeter of Contsainer

The ef{ect of increassing the diameter is to be studied

with 2" long nipples of 1", 3" and 5" pine, using ths seme

explousives as in part (a). The following results have

beea oblainsd:

Toantoniite 80/4 NAST e Ay TP ™ =

.;unuf.'}.._..u, _,A,J_‘,‘,‘,‘,’iob vty iV o Ly o J O e L,U,

i* p,n., 3" long 40 3¢ 3 2‘ 5
(75%) (7.5%) (5%} (12.5%)

3" p.n,, 3% long 19 7 7 4 1
(37%)  (37%) {(21%) (5%)

¥ Three of these partials were merely flaring or burning.

With the 3" nipples there was no indication that the bullet
reached the back wall of the container with any force.
Examination of the used 3" containers showed that the bullet

was broken up completely, and tended to spread its erffect
cver a larger and larger region as it progressed through
the ex plosive.

The 5" nipples are in preparation, and more work is scheduled
with the 3" nipples, using Torpex II,

48

{2) Sensitivity of Plastic Explosives to Incendiary Bullets.

Sensitiveness to incendiary builet impact is bein: investi-
gated for piastlic explosives. An assembly of 2" pipe nippies
(empty) with both caps rilled with PE is suspended so that
the cal .30 incendiary bullet enters the empty pipe nipple
and only the incandescent gases come in contact with the
sample, This method of testing dves not affect either PEP-2
or Composition C-2, in 5 trials.

N.E, E,P. E, E.C,
PEP-2 5/5
Compesition C-2 5/5

Composition C (ERL) L/3 cne burning

A more realistic test for determination of sensitivity to
incendiary emmunition hss been devised. A 3"x3"x3" box is
filled with the plastic, and the open end is covered by a
plate, sufficiently thick to set off vigorously the projectile.

- 13 - CONFIDENTIAL
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Doth cal, 0.30 and cal., 0.50 incendiary ammunition have
been used on I'eP-2. With cal, 0.50 semmunition, 2 firss
have been cobserved on the ground, and there may have been
a smull rlash in each case but damaes to the contalners
was so light that it is believed no detconestion occurred.

tif

c
.

1
t

N. oF o Fon

& 4

Cal, 0.30 incencdiary Ammuni-
tion

PEP-2 - 3"x3%"x3" boxes =~
3/16" front plate 10/10

Cal, 0,50 Incendiary Bullet

PEP-2 - 3"x3"x3" boxes -10/8 2*
1/4" front plate

*Burned on the ground.

Tetryl IPE will next be tested with incendiary ammunition

to see whether more reaction will be evidenced, since Tetryl
IPE, as determined by the fleme-test, seems to be the most
flame sensitive of all the plastics, with the exception of
Composition C-2', The tests will then be extended to include
Composition C-2, Polar RIX PE, ROX-IPE and PETN-IFPE,.

{3) Routine Testing

During the month other bullet tests of a more routine nature
have been made, same of which have been summarized in tha
appropriate sections of the txplosive Compositions division
of this report, For completeness they are all summarized in
the following table,
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Results
Explosive Bullat Loading Conteains No, NE EP E EC

Composition C-2 0,50 ball Hend-packed 2" p.n. 10 4 © 1 -
Trb-2 0.90 pall Haund~packed " p.l. 3 4 & - -
EDX-I1FE C.50 ball Hand-packsd 2% p.n. 10 10 -« - -
DPETN IDE 0.50 btell Head-packed 2" n,n, 10 10 - - -
superwaxed 0.30 ball Cast iY n.n, 25 19 1 - -
Compositicn B
Minol II C.30 ball Cast 1" p,n. 10 == 10 - =
Minel II 0,30 ball Cast 3x3x3" boxee 1¢ & 2 - -~
75/25 Tetrytol  0.30 ball Cast 3xTx3" boxes 5 5 - - -

with 1/2" steel

back plate
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3, Fleme Sensitivity of wxplosives. C. A. Weltman

During the past ronth, work has beer resumed on the neasure-
nent of sensitivity to Tliame of various plastic explosives,
using the methods already descriped in Division & Interim
Kepert PT-15, p. 16.

TAa~ +hin

a - e .

test, attenpisc T nee the flame in order te bring
wore saiplosives on the scale of the nmchine have been abandohed,
Instead, ror explosives which are off the scale a stop-watch
iga uscd to determine the exposure time necessary for ignition.
The results from this rnethod are not as good as those using
the rotating wheel, hut are sufficiently gcod to order the
axpilosives which are orf the scale, The results are expressed
in terms of an Inflammability Index (I.I.) which is 100 di-
vided oy the averagc of the mininum time of exposure which
vill give 10 burnin—zs out of 10 trials and the maxinum time

of exposure which will give 10 non-ignitions in 10 trials.

“he higher the I.I. the nore sensitive the sample, The
results cn plastics follow,

Al
~aa

G

Lot R &

3

o
<

}ax.Time (in Min.Time( in

Explosive sec,)=10 N.F, sec.)=10 F Av. I.I.
PEP-2 Will not burn,

DETN-Gelatin 1l sec, 3 2 50
RNDX-Polar FE L6413 . 806 - L7258 138
RDX-IPE 537 . 697 .617 162
Composition C-2 .537 .589 563 178
Tetryl-IPE 384 643 514 195
Composition c-21 .336 .537 437 229

Only one cast explosive has buen completely tested in this
machine, Others will be tested as time permits.

Composition B I.I, = 177

- 16 - CONFIDBNTIAL
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THE EFFECT OF HEAT OnN CONTINED ELXLOSIVES

Report Submitted by
D. P. MaoDougall and G. H. Messerly
Explosives Regsearch Laboratory
Bruceton, P=a.

Tnvestization Grouv: E. C. Broge and H. A, Strecker

In connection with the phenomenon of "cooking off," the study

of the effect of heat on confined exrlosives was continued. This
investigation was begun at the reguest of the Naval Bureau of
Ordnance with the aim of eliminating, o minimizing the effects
of accidents due to loaded shells being allowed to remain in
overheatecd guns., The apparatus being used and the first results
obtained were described in Division 8 iInterim Report PT-1i8,

The "explosion temperature® of various materials has been studied
in small steel bombs equipped with two thermoocouples. One is
sealed into a 3/8" deep well in the bottom of the cylinder, This
couple records the bomb temperature. The second thermocouple

is led into the interior of the bomb through & hole in the pipe
plug whioch closes the bomb. This couple records the temperaturs :
of the charge in the bomb. It is insulated, and the seal |
made gas tight with a plastic poroelain oement (Sauereisen ‘
Cement #30). The arrangement is the same as that described in

PT-18 for experiments #77-8l1 with Tetryi as the charge material.
A photograph ©f the bomb, showing the arrangement of the

i
thermocouples, is shown in Figure 1. ’
|

The new data are given for each experiment in temperature-time

graphs of the interior and exterior thermocouple readings. The

data are also summarized in Table I. For each experiment an
"explosion temperature” range 18 recorded in columns 7 and 8 of
Table I, The lower limit of this range is defined as the temperature
at wnioh the hewting rate of the charge (the interior oouple) i
Just exceeds that of the bomb. It is the temperature at which
peroeptible dscomposition of the charge material begins. For

the upper limit it was desired to piock a temperature at which the
rate of decomposition of the sample was fairly rapid. This

point has been arbitrarily picked as the temperature at whioh

the heating rate of the charge is double that of the bomb., It

13 realized that these two temperatures can not be very aoourately
determined from the heating curves. However, they do allow a

rough objective comparison to be made of the behavior of different 1

explosives,

- 17 - GONFTDENTI AL
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of Teble I is recorded the asction of the charge on
ining btomd as an indication of the violence of ¢
ion Several control sxperimenta, in which 10 and 20 grams
ot Tetryl were detopated in the bombs resulted in their
fragmentation into thirty or more pleces, On this basis, none
¢f tho cxplosiong ohgerved were true high order detonstions. In

oolumn 10 of ©ne table ars recordsd the meltiny polnts for the
saxgple in guestvion, obtained from QOSKD Report #830, The values

: :
are Ly uz UUL'.;"CE?'E‘C: -.-4<‘L‘h s memsaltra e Lo :I,Eatins cnrTon fsp‘ﬂ.nrded

J
in ecolurmn 3 of the

v

Wiy e WAL - ha

table. Discussion of each compound follows.
ryl - Toe heating ocurves for Tetryl were given in the previous
report. {(FT-18, page 18 ff,) TFor completeness,

material are included in Table I. Experiment #&l was made with a
slower hsating rate than usual. No effect on the explosion
temperatures resulted from this change.

e
et

[l 5
C*

Tat
or

Amroniu.i piorate (Explosive D) -~ Decomposition apparently sets |
In very gradually for this material. The lower explosion t
temperature is poorly defined. The explosions were not violent.
In each ocase the plug was blown out, while the oylinder itselt
was undamaged, Doubling the raite of heating has no effect on
the results. Heating ourves are shown in Figure 2.

|
Heleite (EDNA, ethylene dinitremine) - Explosion for this ,
substanoce ocours soon after Gecomposition sets in. Two early 1
experiments were made in which the bomb temperature only was ,_
reocorded, Again, one eiperiment with a heating rate about
double the cthers did not effeot the explosion temperature.

}
Results are given in Figure 3. i
f

RDX (Cyclonite) - Two kinds of RDX were studied. The Bachmann
material (R-1975) contains about 5% HMX (cyclotetremetaylene
tetranitramine) and shows a melting point break at 190°C.,
corresponding probably to the RDX-HMX eutsotio temperature.
Rapid decomposition sets in when this point is reached, Heating
curves for RDX-B are shown in Figure 4,

Woolwioh RDX (R-2106) contains little, if any, HMX. Four out of »
the five experiments showed a definite melting point hold in the i
temperature-time curve at about 202°C. This {s in quite good i
agreement with the melting point reported for Woolwioh RDX :
samples, However, deccmposition becomes quite rapid before :
this point is reached, so that there is little practical difference

in the behavior of the two materials. Heating curves are shown

in Figure 5.

Because of the masking effect of the melting temperature for both
the materiels, the explosion temperature limits are indefinite.
It appears, however, that little decomposition tekes place hefore

- 18 - CONFIDENTIAL
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190°C. Tor either of the samples. At this point the decomposition

of the Bachmann RDX becomes within several degrees very rapiid, ]
while ithe decomposition of the Woolwich RDX does not vecoiue

aquelly rapid until it reaches the melting point, about 202°0.

=

TTN - This materisl shows no therimel evidence of deocaposition
until the melting poini Is reacied, AU vhis point 1t is difficult
ta «av whether the increased heating rate of the charge is due te
decomposition, or to the temperature lag produced by the melting
the charge. The lower explosion temperature is thus around

)
40°; the upper limit is indefinite. Results are given in Figure 8.

™
£

3

=0

TNT - The upper explosion temperature, the point at which -
decomposition becoizes rapid, is fairly well defined. The lower
temperature is indefinite. Decomposition sets in gradually
over guite a range of temperature, Heating curves are shown

in Figure 7.

It i3 evident from the temperature-time records that no one
temperature can be chosen as the "explosion temperature™ for a :
particular explosive., A series of experiments 1s being carried :
out with the object of determining the highest temperature at :
which the 10 or 20 gra.i charge can be held without exploding., !
The bomb is heated rapidly to a predetermined temperature, and i
the heater current then adjusted to hold it at that temperature, :
Two experiments of this kind have been completed with Tetryl
as the charge material. In the first case 10 grams of Tetryl
was held at 162 + 3°C. for 82 minutes. No explosion occurred,

but it was evident that slow degompocition was taking plaoge

VWi LAV

both from the tarry appearance of the residue in the c¢ylinder

at the completion of the experiment and f£rom the fact that the

internal temperature of the oylinder remained about $5° above the

external temperature during the period of heating. The second !

10 gram sample was held at 164 + 4°C, for 280 minutes, After I

this period of constant temperature, the cylinder was heated i

until at 305°C. a very mild "explosion" ocourred, resulting in

nc damage to the cylinder or plug. Apparently the residue of ;
i

sample reqaining after the prolonged period at 164°C. was less

sensjitive to further heating than the original Tetryl, whioh i 3
explodes reproducibly at about 175°C. 5

In preparation for future experimnents on the effect of heat on 5"
Naval shells, it was necessary to find an inert substance which Lad
about the same thermal oonductivity when loosely packed as ammonium
picrate at density 1.5, Measurements of the thermsl gradient at :
different rates of heating for various substances, inoluding i
emmonium picrate, were made with two thermccouples pleced a i
constant distance apart., It was found that a 75/25 sodium
acetate/sodium chloride mixture had the desired thermal oonduotivity.

CONFIDENTIAL
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Figure 1

Cylinder and section, show- .
ing thermocouple arrangement,
\
\
|

-
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HiGH EXPLOSIVES SENSITIVENESS INVESTIGATION

Report Submitted by
R, W. lLawrence
Hercules Powder Company
Wilmington, Dslaware

Sensitivsness to Friection

Recent work with the friction pendulum disclosed that the
extrapoiated height of fall to produce 50% shots for layers
cf Cyclonite through 325 mesh having zero thickness is inde-
pendent of pendulum weight and striker size and shape.

These results were obtained with anvils and strikers made

of hardened tool steel. The average depth of the minute
depressions in the surface, or the roughness, was usually

11 microns. However, in one case the roughness was made

30 miorons and the extrapolated height of fall at zero thiok-
ness remained the same,

Purther determinations of the extrapolated height of fall at
2ero thiockness on hardened steel surfaces having & roughness
of 30 microns have been made during the past month.

At the same time the effect of pendulum weight on the height
of fall for thick layers has been studied. For this the
range of weights has been extended to 20 or 25 kg.

Bffsct of lLayer Thickness

The variation of height of fall with the thickness of layers
of Cyolonite has been measured. The Cyclonite was the
fraction screening through 325 mesh and the hardened steel
anvils and 2 in. x 1/8 in. wheels had a roughness of 30
microns, The weighta added to the pendulum were 6, 10 and
20 kg. and the angle of incidence was 4 deg. The results
are listed in Table 1 and shown graphically in Figure 1.

The dotted curve in Figure 1 is taken from Figure 1 of the
preceding report (PT-IS, following page 27).

It is evident from the graph that the extrapolated heignt
of fall at zero thickness is no longer equal to 4 cm. for
different weights as has been the case until now. It is

4L em. for L kg. but becomes progressively less as the welght

increases. Even at thick layers the height is lesas than

L cm., for 10 kg. and 20 kg. added welght. TFor the very heavy
weights there seems to be little or no change in height of

fall with layer thickness.

CONFIDENTIAL
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Measurements with less weight might show whether or not
-~ A3

there is any range of weight inm which the sxtrapolatsd
height at zero thickness is 4 om. Of these surfaces.

Eftect of Pendulum ‘Jeight

New weights were constructed so that the weight added to

the psndulum could be made az much as 20 or 25 kg. Measure=
mants nf the height of Tell for several weighta ware carriad
out on Cyclonite through 325 mesh usineg 2 in. x 1/8 in.
wheels and 1 in. bmlls as strikers and hardened steel sur-
faces roughened to 11, 25 ang 30 microns. The amount of ex-
plosive wasa about 20 mg./cm,< and the angle of incidence

4 deg. ;f

|

\

|

|

|

The results are given in Table 2. It was fcund that when

| the heights of fall were plotted against the reciprocal of
the pendulum weight as in Figure 2, the curves seemed to be
linear although the slope changed at some point along each
curve, In some cases this break occurred near the high-
weight end of the curve, in others, the low-weight end.
However, for all five curves the region of low pendulum
weight could be extrapolated to a height of fall of 4 cm.
at infinite weight. In the case of the 2 in. x 1/8 in.
wheals with roughneses of 11 and 25 microns and the ) in,
balls with a roughness of 11 microns the linear portion
which was extrapolated was quite long and the extrapolation
was fairly definite. In the case of the 2 in. x 1/8 in.
wheels with a roughness of 30 microns and the 1 in. balls
with 8 roughness of 25 microns, the linear portion in the
low-weight razsion of the curve wag not very long and one :
cannot say definitely that it was linear. However, the !
points in this region do lie on or near a straight line
through them from a height of 4 cm. at infinite weight.

\

It will be recalled that 4 cm. was the value obtained pre-

viously for the extrapolated height of fall at zero thickness

for various strikers and weights when the roughness was 1l N
microns and for a weight of 4L kg. when the roughness was 30 :
microns. The striker size and the magnitude of the weight

and roughness in those tests were in the range of values at ;
the low-weight end of the curves in Fig%ge 2. It is note- i
worthy that the roughness valuees and weights of the curves

in Figure 1 which do not extrapolate to 4 cm. at zero thick- :
ness produced results which in Figure 2 lie in the hign-weight
region of the curve and which do not extrapolate to 4 cm. at
infinite weight.
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Whether or not it is significant that for certain roughness
and weight values the extrapclatad height of fall at zero
thickness is the same as the extrapolated he;ght nf fall

at zaro thioknesg ig the zame a8 the extrapclatsd height

of fall for thick layers at infinite weight, further work
mgy +all

J VVVVV
S0 much for the extrapolation of the low-weight parts of
the curves 1in Figure 2. The direction of ths curves in the

> L] +* ~ e QDHQ' dea s Gem moamawmal -‘- -
,‘3.’;..3" (654 lE‘.Z'.-J” a2 3 %S FESORTIPEEES 8 av_(:m.u':._a S .aa 54l A8 in

the 1cw-weight reg‘on. Thus extrapolat*on of tha curves in
the egion of heavy weights to infinite weight does not laad
to a height of i em, In fact, for the 2 in, x 1/8 in. whse
with a roughiness of 30 microns and the 1 in. ballis with a
roughness of 25 microns the curves definitely seem to extra-
polate to & height of zero at infinite weight. For the other
curves the indications are not so definite but their curvature
and direction at the end of the measured region suggest that

they also may extrapolate to zero height.

As far as the results go, they seem to indicate that the
break in the slope of the curves occurs at progressively
smaller weights as the surfaces are made rougher and the
areas of cocntact smaller.

These results gshow that with very large weights initiation
of explosion in thick layers of Cyoclonite by frictional
lmpact can take place with very little sliding motion. IZ
the effect of the weight i1s through the inorease in oontact
time which it causes, as pointed out in ths procsding report,
tnese resuits mean that the ionger the duration of the Iric-
tional impact the less the relative velocity required to
produce initiation.

If this interpretation can be applied to cases of pure fric-
tion and cther explosives, it helps to make more understand-
able some of the shots obtained from explosives in bolt
threads, valves, etc., In those cases, the duration of the
motion may be very long compared with impact times so initi-
a%ion might occur with relatively low shearing velocities,

Future Work

More data would be desirable to elucidate the relation, if
any, between the extrapolated height at zero thickness and
the linearly extrapolated height at infinits weight.

The offect of weight and layer thickness for other particle
8izes end explosives will be studied.

CONFIDENTIAL
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fxperimontal

In these experiments the apparatus used was the Hercules
Friction Pendulum described in 2 Special Formal Progress
Report on this investigation: "4 Method of Jeasuring the
Sensitiveness of High Explosivos to Frictional Impact™
f\Qr\‘ﬁ 'Pn 27K

RN . vJ&VJC
The layers of czxplosive werc mads with the set 01 gages
Aamamd 3 L. TV 1Y -~ .- lf- ML o Cer Y o X b - U VOV SRR SV
R R N L R A S N Y S o e AU wryvAhViara v uauu viao UU\.G\;;.K“\A
Irom Sruceton and was made by the Yoolwich method.
The new heavier '=ignts were made of steo‘, "o;ghed 5 Eg.,

_ Y P 1 o fa s

and measured 7-1/2 in. in diameter and 15/16 in. thiok.

They had a hole in ths center and e slot for slipping them
onto the penduium the same as the weights with the original
Bureau of llines pendulum., Four < these welghts were made up.

The surfaces with a roughness of 30 microns were made by
sand~-blasting with No.1l0 corundum abrasive. The depth of

the markings on the surface were not very much graater than
those on the surfaces having a roughness of 25 microns as
indicated by the figures 30 and 25. This, however, is not

a complete description of the difference between these two
surfaces, The horizontal distances botween the pesks or
depressions were about 5 or 10 times greater on the 30 than
on the 25 micron surfaces, This apparently is responsible
for the fairly large differences in heights of fall that were
observed. This illustrates the difficulty in giving a quanti-
tative measure of roughness which descrives all the features
of the surface important in initiation.

Because of the statistical fluctuation in the results and
the error in the thickness for the thin layers, the figures
in Tables 1 and 2 are the means of ssveral determinations,
in some cases 5 or 6. TFor the lcw heights of fall, especi-
ally, the individual results seemed to scatter, the range
being as much as 10
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TABLE 1
Effect of layer Tuickness on Sengitivity to
Frict:ional Impact of Cyclionite Through 325 Mesh

Anvils - hardensd Ste-tor steel
8615 -~ hardened Steun.or steel, 2 in, diameter,
1/8 in. thick
Surfaces - sand-blasted with No. 10 corundum, roughness

-~ :
AL A e gt N2
PO TC R 55 A T A S 5 ey

g Angla of Incidence - 4 degrees
i Gage Layer Height of Fall
Thickness Thickness, for 50% Shots - in cm, |
in Inches in mg./om. 6 kg. 10 kg. 20 kg. |
! 0.0008 1.3 L.2 3.1 1.5 i
0.0020 1.7 3.8 2.4 1.9 :
0.0026 1.9 3.9 3.3 1.3 i
0.0039 2.3 3oy 2.5 1.6
0.0063 3.3 3.7 2.3 1.5
0.0079 L.7 bLe5 2.5 1.6
0.012 10.9 L.9 3.4 1.3
0,016 17.3 5.6 L.0 1.7
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TABLE 2
sI't'ect of Pendulum Weight on Sensiiviviiy o
Frictional Impact of Cyclionite through 325 ilesh
Aanvils, wheels and balls - hardened Stentor steel
hn5¢e of Inciaence - L dggrees
Ancuint - aboubl 2C ae./ o’

Total Height of Fall for 50 Shots cm, )
naded  vosonel 2 in. x 1/8 in, wheels 1 in, Balls
Weight = M 1/M 30M B 11M 25: 1M

2 kg. 3.7 kg, Q.27 ké. i3 19 32%* 11,0 18

3 L7 0.21 11,0 16 Ry 10.4 14

L 5.7 0.175 10.7 13 R0 9.1 13

6 7.7 0.130 7.3 11 15 7.7 11
10 11,7 0.085 L.9 8.5 12 5.3 8.4
15 16.7 0.060 4.8 9.7 5.9
20 21.7 0.046 243 L.6 7.8 2,5 L.9
25 26.7 0.038 2.5 6.0 L7

*0Only onec curve was drawn through these two sets of

points in Figure 2 to avoid the confusion of too many
lines in the graph. The error introduced by this is

not large and does not affect the linearly extrapolated

heights at infinite weight.

**This value was more or less ignored in drawing the curve,
It seems to be high when comparison is made with 27 cm.,
the result of the same measurement given in Figure 2
following page 16 of PT-17.
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Tnk PREPARATION, STABILIZATION
AlND TESTING OF EXFLOSIVES

Report Subtmitted by
¥, K, Westhelimer
wxplcsives Research Laboratory
Bruceton, ra.

rne rheory ol Taermsl Staviliivy Tesos

(H. Henkin)
Introduction and Suumary

The Hercules Powder Co.T has recently introduced an ,
adiabatic i1gnition test for smokeless powders. They point | ,
out that this new test is better than the 135°C, igniticn :
test because under adisbatic conditions the time it takes for ’
a sample of powder to ignite should be, and within the limits
tested actually is, independent of the size of the sarple. A
further advantage of the test, and an advantage which has not :
heretofore been pointed out, is that thia test, in contrast to ;
other thermal stability tests, is capable of a simple theoretical i
treatment.

In a recent report, Parlin, Duffy, Powsell & Eyringz,
have derived the equations for the time-temperatures relation-
ship in a purely thermal explosion. The assumptions mede in
tne derivation of Eyring's equation &re these: the explosive
18 heated by the decomposition of part of the sample, and the
rete of the deoomposition inoreases (with a oorre8ponding in-
crease in the rate at whioh heat 1is produced) with increasing
temperature. Since the explosion takes place in an extremely
shert space of time, it must necessarily be adlabatic., The
equations derived by Eyring can, with certain modifications,
be applied to the adiabatic thermal stability test, provided
that the rate of decomposition increases from purely thermal
causes (i.e., provided there is no autocatalysis). O0f course,
the equation would apply strictly only to the case where a
non-stabilized explosive containing only one reactive group
decoaposes thermally to the final reaction procducts. The
equation must necessarily be modified to meet the actual, more

4 2+ -
complicated conditions.

ST

A crude apparatus for adiaebatic thermal stability
testing has been counstructed at Brucetcon, and a few orientetion
experiments carried out with NENO, N,N' dinitredi- (/3 -nitroxy-
ethyl) oxamide, This is one of a group of explosives for whish
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ihe rate end activation energy of decomposition are known".

A comparison of the adiabatioc heating experiments with Eyring's
2guetion is probebly somewhat premature, owing to the fact

that the experiments are, at the present time, very crude, The
agrccment between theory and experipment seems, however, Tully
to justify the hope thaet a complete theory for the adiabatic
test will shortly be available.

Fxrnerimental

apparatus

The present crude apparatus for adiabatic measurements
consists of a thermostat, constructed of a large aluminum
block. Holes have been bored in the blook, and in one of these
holes a tube oontaining the explosive is suspended, One Jjunction
of a copper-constantan thermocouple is immersed in the explosive,
while the other junction of the thermooouple is placed 1n
another well in the aluminum block. The thermocouples are con-
nected to a Fisher type 11-506-27L galvanometer., The temperature
of the thermostat can be controlled manually, and it was so ad-
justed that the galvanometer reading was always zero. In this
way the temperature difference between the explosive and the
thermostat was kepz at less than 0.05°C, The fcoeffiolent of
thermal leakiness"® bvetween the explosive and the block, however,
is unduly high, and the epparatus as it stands is far from satis-

factory.

Theory

The following 1s a slight modification of Eyring's
theory.%2

Let x be the concentration of primery reaction product, in m/1
Let a be the initial concentration of explosive in m/1
Then

dx/dt = 2(a-x)e -A/T (1)

where 7 is the "collision factor", A is AH*/R ( A H* is the
heat of activation), T is the absolute temperature and t is the
t+ime. Since the thermal stability test ies concerned only with
the first few percent of reaction, the equation ls well approxi-
mated by

dx/dt = zee~A/T (2)

The temperature of the reaction at any time, %, is
given by the equation

T="T,+ % gg (3)
a
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where T, is the initial temperature of the ekplosive, C is the

. specific heat of the material in celories/mol end is the
: “partial" heal of reaction in oaic:ies/mol. This ;‘en:1+" is
not the same as the heat of explosio“_ but 18 rather that heat
which 15 gonerated by wiatever incczplete decompasxtion Teaction
acenrs at 1oy ,am neratures, Ef~nn+{.—w 1\3) gan he trensformed
into {‘41) -
am o —~ "A'/T
at ¥ (&)
[a)
~p ! .
where Tp =5 - Upon integretion {4) yields (5)
-
_ .\/L A TO A
t_,.}_ T -T e + 'LE( )"‘E(T) {5)
ZT i i !
p o
x H
X
vhere E (x) is the exponential integral, ! eX dx ,
i X
N (2]
As a good first approximation® this reducses to \
1 A/T, s/T
v = 4
g, |12 P (6)
]
Thia is the fundamentel eguation relating time and temperaturse ‘
in the adiabatic thermal ignition test, ’

Experiments with NENO

A few experiments have been carried out with NENO at
110” and 120°C, The available data have been summarized in
Table 1 and a particular experiment has been plotted in Figure 1.
ATthough the data are only approximate, the graph does ilIEstraFé
the fact that the theory faithfully reproduoes the shape of
the experimental temperature-time curve,

e[ e e et rt s rn - 6w

Table 1

Temperature Time of Ignition (in minutes)
Calc., Found :
110° 28 36, 38 |
120° 13 20, 20 !
i
( :
- !
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The data needed for the caloulation in Table 1 en
Figure 1 were cbtained as_follows: The rate of decowposit*cu

¢l NBNO nas been messured®, for the liguid {or sclutioen in TNT)
at several temperatures in the range from 78° to 120°C. The
energy of activetion is about 35,000 calories, and the decompo-
sition has been found to yield auoq* thires moles of gas for
each mole of NENO {es compared with 13 moles of gas, including
3team, from the comglete ex“losio“). The reactlion has a rsate

- o~ R PP, 2t f~\
CULS LHUIlL UL = 4 10~ 32G,. —. Ty ALV U ...-iuau..\.x. [ involwTes

the activation energy for the decompesition of LWENQ, and tihwe
"collision factor" which can be calculated from the activation
energy and the rate constant. The only unknown in equation (8)

is T This oconstant can, however, be calculated from the
initgal temperature rise in the adiabatic stability test, since
= Q/C = m/k (7]

where m is the initiael temperature rise per second at any tem-
perature and k is the rate constant, in inverse seconds, for
the decomposition it this same temperature At 110°C., m is
about 0,0040 sec.d, and T, 1s therefore of the order of 1000°C,

The celculated temperature of explosion, I, of NENO is 3900°C,
(using & value of 0.32 cal/g, calculated from Kopp's rule, for
the specific heat and 1260 cal/g for the heat of explosion).

The value of Tp is then about 25 percent of the value of T ,

and Qp, the heat of the decomposition reaction, is about 25%

¢f the heat of explosion. These figures seem entirely reasonable,
8inoe the chemical reactions involved in the low temperature
decomposition of NENO are at present unknown, a definite con-
firmation of the heat of the partial reaction cannot be obtained.

Since the values of 4, Z and T, have been obtained
experimentally, there are no arbitrary pgrameters in equation (8&).
However, T, is determined from the same data which is later
compared t6 equation (6), and it is therefore possible to regard
this quantity as a parameter. If this point of view is adopted,
it i1s then necessary to point out that the value of T_ (about

25% of T4 ) is & highly reasonable one. It should further be
pointed out that equation (6) is independent of the number of
moles, n, of gas generated per mole of NENO in the low tempera-
ture decomposition of the compound. The value of n eppeers in
both Z and in Ty, but cancels cut of the produvu AZT_, which

oceurs in equatlon (8). iiore preolse work im this field is

now in progress,
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Aluminized Exglosives
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A PrCgram has bteen set up to 3tuSy alumized
sives, The work can be divided roughly into twec parts
theorstical ana (B) praciical.

Zplio~-
(A)

{a}. It has been postuiatea that aluminum acts in the presence
of ammoniam nitrete to reduce the nitro groups of the TIT in

r] Y 3 Iy [P TP RS
Minocl, much as zinc rsduces nltrobenzenc to Fucu&lﬂquUAyldm;uU

in the presence of ammonium chloride, ¥Furtiher, 1t seems altogether

possible that eluminum reduces the nitro groups of the RDX

either in Torpex, or in DBX, or in both., This reducing action

of the aluminum on the organic matter would be superimposed upon
the reaction of the aluminum with ammonium nitrate to generate
ammonia., The aluminum used analyzes 97.3 percent aluminum, the
rest presumably being a mixture cf aluminuir oxide and other
metals. After a sample of wet iiinol has been heated for 24 hours,
the residual aluminum-aluminum oxide mix contained only 8l.8
percent aluminum., Further, during the reaction occlored products
have bveen produced from the TNT., These products are now under

investigation.

(B), It has been postulated that the reactions between aluminum
and TNT, amnonium nitrate and RDX can be eliminated by coating
the aluminum with a thin layer of inert material. It has proved
possibie to coat the aluminum with a thin layver of aluminum
phosphate or with some aluminum lakes., '‘ork similar to that in
progress at grgceton has also been reported from cother
laboratories These lakes are prepared by treating finely
divided aluminum with acqueous solutions of appropriate dyestuffs,
Those dyes were used which are known to produce insoluble
precipitates with aluminum hydroxide. A pale purple aluminum
powder has been prepared using either alizarin or aurin
tricarboxylic acid. Insufficient tests are at present available
to show whether these samples of coated aluminum are more or
less resistant to attach by ammonium nitrate, TNT and RDX than
the uncoated material, A detalled account of this ‘'nvk will be
maede in the next report.
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entanone {420 grams) was mixed with syrupy
- -

c
; 2 grains; and refluxed gently Tor ten minutes,
The mixture was then cooled to 50¢C. and distilled under partial
vacuum at 50-80°C. The distillate (398 grams) of wet cyolopenta-
nons was quite suiteble for Fivone synthesis,

Preparation of Sixone.

A series of preparations of Sixone from cyclohexanone
and formaldehyde hes been carried out, using magnesium salts
rather than calcium salts as catalysts, The product consisted
of a mixture of Sixone and Sixol, similar to that obtained when
calcium hydroxide 18 used as catalyst; the yield in the most
favorable case, however, 1s greater than that obtained pre-
viously with calcium hydroxide as catalyst. In general, it can
be said that magnesium hydroxide, magnesium carbonate and basioe
magnesium carbonate are less effective than magnesium oxide,
The best prooedure so far found is given below.

Purified cyclohexanone (50 grams), water (200 cc.),
37 percent formalin (155 cc.), and magnesium oxide (5 grams)
were stirred together, and then allowed to stand at room tem-
perature with occasional shaking for 22 days. At the end cof
the reaction time the mixture was filtered, neutralized with
dilute hydrochloric acid, and evaporated to dryness. The oily
residue was taken up in 50 co. of acetone and the solution allowed
to stand at room temperature. The crystals which separated were
crude Sixone, 93% of theoretical, m.p, 108-114°C., (m.p. of pure
Sixone, 143°C,)

Nitroglycerine

A total of 90 pounds of nitroglycerine was prepared
at, Bruceton for laboratory use.

Stability Tests

A totel of 273 chemical stability tests was carried
out. This included 137 thermal stability tests, 30 vacuum
stabllity tests, 44 Bergmann-Junk determinations, and 82
miscallaneous tests.
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DEVELORPITENT OF LIGQUID E.L°PLOSIVES

Report Subnitted bty
W, E. Lawson
Explosives Department, duPont Company

Wiloington, Delaware

Liquid Explosives Based on DNT-TNT-Tetrvl-P.A.

TRLU LUDul‘\ié) U: ..LLAVGD.U.:L&GL_’LUJJD LU_-J\JL' 'vl':\l ..LLL D:L‘-"LD.'LULL G
Interim Report P7T-18 under tnils heading indicated tnat a non-
NG liquid explosive suitable for Mark 8 could not be developed
with the ingredients considered (IIT,TNT,Piecric Acid, Tetryl,
and PETI]). It was believed, however, that mixtures of DNT,
TNT, and Tetryl sensitized with NG might have a number of worth-
while advantages over the NG-dimethyl phthalate mixtures de-
veloped at the ERL.

Preliminary Tests with DNT-TNT-N3
(Glycol 04l llixtures)

In preliminary tests it was found that Tetryl was sol-
uble only to the extent of about 1 to 2% in DNT-TNT mixtures
containing 25 to 50% NG. Consequently, two series of conpo-
sitions, the first comprising NG and I?IT oil and the second
NG, INT and TNT (DNT/TNT ratio = 7/3), were shot in 1-1/2 x
9 in. cans with U, S. Engineers (13.5-gr. PETN) caps to de-
termine the minimum percentage of N7 required for complete
detonation. It was found thet 60% NG was required for the
DNT oil series and L5% for the DNT-TNT series. To save time
a 30% glycol-NG oil was used in thess tests even though it was
known that a polymer o0il would be more desirable because of
its lower vapor pressure.

On the besls of these results compositions containing
(a) 50% NG, 35% DNT oil and 15% TNT, and (b) 60% NG and 4O% DNT
were selected for further study. The results of these tests
are given in Table 1. Although both mixtures had good explosive
properties, the melting point of the INT oil mixture (above =62C)
vvas too high.

DNT-TNT-NG Compositions
Made with Polymer 01l

As the preliminary results indicated that T™NT-THT=NG
mixtures mignt be very satisfactory for Mark 8, the orientation
experiments were repeated using the more desireble No. 3 NG
(31% polymer).
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In order to determine the'range of compositions suitable
for tsrk £, the minimum percentage of MO was deternrined by
undarwator propeagotion tests, using Z-in. diameter hose, 2nd
the upper limit of N was investigated by means of cap sensi-
tiveness tests. It was found that 50% NG {35 INT and 15 TNT)
was required Tor propagation in 2-in. diameter (R-10 ft.lengths)
under water. On the other hand, tae cay sensitiveness studies
showed that a 607% NG compositioa (28 DNT and 12 TNT) was some-
wiial less Scusitive than the ERL 80-20 and 75-25 No-UDP mix-
turcs. This NG compositicn gave consistent detonations with a

17 P -~ = nTm : 4o T
U. S. EBnginsers cap {13.5=gr. PETN) and consistent feilures with

a No, 6 Tetryl cap. The 80-20 NG-Di'P mixture deatcnated once in
three triels with a No. 3 fulminate cap and the 75-25 mixture
gave one detonation out of ten triels with a No. 5 cap (FP7T-18).
While it was not considered necessary to use more than 60% NG,
a few tests were made with 75% NG ocomposition; one detonation

and three failures were obtained with a No. 1 cap. These re-

[aYat Yo SR\ ¢ ™

sults indicated that the cap sensitiveness of the ERL 80-20 NG~-DIF

mixture probably would ce duplicated by a DNT-TNT-NG mixture
convaining 65-70% NG.

Viscosity tests on a 550 NG mixture (31.5 DNT and 13.5 TNT)
at 0° and 20°C gave values of 211 and 45 centipoises, respeot-
ively, as compared with 250 and Y0 centipoises reported by ERL
for their 80-20 NG-D.P mixture.

liixtures contalning 50 and 55 NG were tested at uiillvilile
(in air) for propagation and velocity in 2-in. and 4-in.
diametsr hose. The 50% NG mixture propagated al high velocity
(6950 m./sec.) in 4~in. diameter (5-ft, length) and through about
half of the 25-ft, length in 2-in. diemeter, the second half of
the 2-in. dlsmeter charge propegating at low velocity. The
5% composition propagated through 25 ft. of the 2-in. hcse and
5 ft. of the 4-in, hose at 7170 m,/sec. and 7090 m./sec.,

respectively.

Nc¢ datonations were obtained in buliet tests with either
the 55% or 60% NG mixture in open 4 x 4-in., cans backed by wood.
lilth stesl backing, however, the 80% NG mixture gave one deton-
ation out of three triesls and the 55 mixture gave two ignitions
and one weask partial detonation out of ten trials,

Details of all of the tests on 50, IS and 60% NG mixtures
are given in Table II 1in comparison with similar data for the
ERL NG-DiP mixture, Orn the basis of these results it is be-
lieved that the 55% NG (31.5 DNT and 13.5 TNT) composition
should be entirely satisfactory for iMark 8, Its low impact,
iriction (3liding rod test), bullet and cap sensitivity as well
as its low viscosity appear particularly desirable. On the
othor hand, if a more powerful mixture were dasired, 60% NG and

probably 65% could bs used without making the mixturs too sensitive,
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Calculated Znergles and
Explosion Pressures

The methods described in the rcastern; Laboratory report
*Theory of Detonation" were iised to calculate the maximum
available energy., the theoretical velocity and the detonation
and explosion pressures of the EkL 80-20 and 75-25 NG-IMP
mixtures, and the Eastern Laboratory o0-286-12 and T0¢31.5-13.5
RG~-DUT=-TNT mixtures. The results of frcqe calculations for a
density of 1.0 are summarized in Tabtie II1

4 + .- ~ —~ R - | 2 - wirmas Y 3 | [ W
n;bu.xu.ux that ell of these co yu:u.t).\_ua wWould nave tine
- — = 2R X
same density, the detonation pressure of the EL 58% NG comp-

osition would be the same as that of the ER& 80-20 NG=-D.7P
mixturs, However, its maxinum explosion pressure and available
eneryy would be about 3% and 8% lower, respectively, then for
the ERKL composition. On the other hand, tie EL 60% 1IG formula
would have about the scme energy and 4-50 higher detonation and
expiosion pressures than the ZRL 80-20 explosive, 4Any of these
compositions should be definitely superior to TNT. For example,
the available energy end detonation pressure of the 55% NG
mixturse would be 22% and 52% higher, respectively, than for TNT
at a density of 1l.4.

Future Program

Although no further experimental work is planned on
NG-DNT-TNT liquid explosive mixtures, the 150°F storage tests
will be continued.

it is expected that the Laboratory will be called on to
prepare several hundred pounds of the ERL 80-20 NG-D.’P mixture
for tests by the Havy at Stump Neck, It is hoped that arrange-
ments can be made for tests on the Eastern Laboratory
55-31,5-13.85 or 60-28-12 NG-DNT-TNT mixtures at the same time,
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COUNFIDE, TIAl

ROSERTIES OF LIQUID MIXTURES OF NG (GLYCOL OIL), DHT AND THT

T (Cawm

v
B e R K BRI
wi e vede Ilainme Ly

i drawv

SL/2X9N cans

L LALLUD AL VA e
IS T S ~

o N \l
DNT (oii;
RS

Centralite 1

Density

TRITY N
s

60

A0
40

.3

Sensitiveness to small arms fire -4x.4" open cans
(.30 caliber Springfield rifle)

a. Wood backing
b. Steel backing

Mortar (T.V.)
Viscosity at 0°C
Freezing point
Stability

— N

Drop Tests (1C-1b. weight)
a, Plain
b, Filter raper

$1iding Rod (L0-1b rod)
a, Plain
b, Filter paper

6 F
2F, 41,00

12,4
55 Centipoisea
> —6-C

48" -0D, 10 F
4L8" -0 D, 10 F

60" -0 D, 10 F
60" -0 D, 10 F

S0

35

15
0.25

1.44

10 F
4F ,21,00D

12,4

72 Centipoises

{ -6°¢C
No gas after & days
at 150°F with or
without pieces of
rubber added
48" -~ Q0 D, 10 F
46% - 0D, 10 F

60"-0D,1)F
60" -0D, 10 F

Velocity (4"x5' rubber hose) - 2x8" Cast Pentolite Primer

— e ———

_'7

meters/second

Distance from Primer 1 2 1l 2
2-1/2' (12" spacers) 7170 6980 6980 7390 i
3 6850 6980 6850 6980 g
4! 6980 7530 7100 7100 g
L-1/2! 6980 6980 7100 7050 |

avg. 6345 7120 6980 7130
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THEORETICAL COLP~3ISQi UF ERL NG-Dki wWIXTURES WITH

PaSTERN TARORATORY HG-DHP=THT L.INTURES

FR1, Mirtureg Il Mixtures
Cumirosition T )
G 8G 73 60 55
“imeth-l phthalate iy 25
T 28 31.5
ot 12 13.5
Density (a9sumed) 1.5 1.5 1.5 1.5 i
A (kg.cal, /vg.) 1020 820 1010 935 -
(Max, available energy) )
A/7T (T.V. units) 133 10.7 3.2 121

P2x10~3 (atm.} 88 73 92 85
(Explosion pIressur:)

Pox1073(atx, ) 175 160 184 175

{Isteonetion procans-a)

Theoretical velocity 7200 7000 7350 7150 ’
(m./s2n.)
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TNIMTIDWMTI AMT AN A YIS ™ £ Ty
DETLCRMINATION CF HEATS OF CCMBUSTION

Report Submitted by
Gebthard Stegem:ci

v e v - ISR
University of PLit . cburgh

il Trovious work on thic zublect nhiog appoorcd In Divislion
2 Interim Reports PT-7, vazes 34 {f. and PT-10, vazes
5 i
T 3 —_-a At H WTATT Y
Fihylenedieminsdinitrete {(EDDN)
Dy o T~ - D~ h] Fad .
Sample NG, Origin of Sample Date of work

R--L7E~0 ERL 2/15/44
Bruceton,Pa.

[

- Density CP Mc?c

ct

. 4

e *r
Tormule Mo

W0

5.1

W

Coile0eNa 1 1.42 0.30 --

Reat of 7Zcrbusiion Jata

LI N AP ARAE - AU - AHg - l.\Hf
2C17.4¢ 375.29 374.70 373.22 157.29

2016.15
2015.19

2016.26 + .79 = Mean
(+ 0.04% )

Remarks

"LUB/M = Heat of combustion 1in cal./g. for bomb process.
- 4U3 = non " "oy, cal./mole ] ] ]
-AUR
..AHR = noou n" "o H / nwon o1 " 1" P

no " mw oW /% gt 1 Atm. constant V.

- AHp it W fopmation "M # /" " standard conditions.
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C <Y

t

Haet of

-A U

Y 1

/ il

tr

2381.€2
2882.90

2380-£2

2831 .82
(*

Remarks
=4 Up/n
-4Up
- AUR
- AHp
- 81,

MeNENA

4

CONFIDENTIAL

(N-mothyl-N~-{(8 nitroxyethyl) nitrauine}

N
“r*“)c:'I'z,
R T

Combustion Data
-4 Ty

475 .82

+ 0,76 = Moan
0.03% )

= Heat of

- " "

= " t

= " "

i
-
-

"

n

" formation

gin of Sempis Date of work

ZRL 2-14~44

| /SO fo P

La ey vuily i as
Thavmad & o _ M D
Densits e .P.

1l.52 0.30 --
-AUg ~AHg ~AHg
475.17 473.84 48.68

' combustion in

n
"

-l b=

cal/g. for bomb process

k.cal./mole "

non /n

at 1 Atm.

it

" n

constant V.,
1 ¢ n P,

standard conditiona.
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fentryl )
Sample No. Orlgin of Sample Date of vork .
R-5€64-C ERL 2/10/44

Sruceion, Pa.

Formula Mol. Wwt. Density Cp M.P.
Cgigl11ivg 362,18 1.83 0.32 --
Heat ol Combustion Data
-AUB/M "dUB -AUR ’AHR -AHf
2600.41 941.95 940.05 935.91 24.34
2599.34
2602.62

2600.79 + 1,22 = Mean
(¢ 0.05% )

é;" P

Remarks

‘AUB,"M = Heat of combustion in cal./g. for bomb process.

- 4Yp = " " " " k. cal./mole " " "
- AUg = " " " " /W at 1 Atm. constant V.
-AHR — n L] n " 1% " / H " 1 H] hi P.
- AHg = " " formation " " " /W M gtandard condition:
1
!
i
i
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STUDIES COF THERIIAL STADILITY TESTS

Report Submitted by
R. C. ZTldetrflield
Columbia University

Vacuum stability rate studied have teen continued on Haleite
at several temperatures from wnich energy ol activaiion dava
MY pEriasps ve calouldued,  1TUe fave Ol §Es BvOoluLlon ana
analysis of the evolved xas are shown in the tables telow and
sceccrpanying curves.

Haleite: duFont lot 26 recrystallized (received from Picatinny).
Dried one day at 100°C. 0.5 g. sample. Temp. of test: 150°C,
Evacuated 0,5 hr, at 120° hafore starting readings, Figure I and
curve b in Figure II.

gas sample taken at

S hrs. 7 hrs. 1l hrs,
Oxygen 0% 0%
Moisture (Note 1) 17.6 7.9 3.9
Basios 0 0 0.7
Total acidics 1.5 1.4 1.1
NO 0 0 0
Cce 0.4 1.2 0
Combustibles 0.6 2.9 2.9
N e 63.7 8.8 58.3
Nitrogen 14,7 26.4 33.0
Haleite: Seme as above except temp., of test wes 130°C,

Gas sample taken at

6 days 8 days
Oxygen 0% 0%
Moisture (Note 1) 8.8 4.9
Bagics 0 0
Total acidics . 1.5 1.7
NO 1-5 107
COs and NOp 0 0
co 1.8 4.8
Combustibles 0 0
N20 63e3 59.4
Nitrogen 23.3 29,2
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X has been done on £iiling in deta and checkirg results
and Fentolite incidental to the preparation of a formal
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CONTRCLIED DECONFPOSITION OF NITROCELLULOSE

e
R. C. Elderfield
Columbie University

H1 Twoeaswnoanitioan Studies L the White Substence (WS)

Py - TR —_ .

in tho provious roport th esults ol preliminary experiments
o the distiilation of 'S with 12% Hi)l were mentioned. A
continuation ¢of this work hes shown fhet when hested with
12-13% HC1, WS first evolves (GO,, then a volatile carbonyl

oompcund, and finally furfural. The non-volatile residue
contains levulinic and oxalic acids.

e l‘
.

Products from the Distillate

2,0 g. of WS {13A-71-26) was heated with 50 ce. of 13% HCl and
the exit gases passed through a train containing saturated
barium hydroxide solution. After COp evolution had ceased, the

systen was swept out with COp free air and the precipitated

barium ocarbonate collected, dried, and weighed. The 1.40 g.
of precipitate found corresponds to 0,31 g. of COp or 15-152%
of the original weight of '\S. A repeat experiment gave
13-1/2% COz.

1.0 g. of WS (74A-56-24) was distilled with 25 ec. of 13% HC1,
water being added intermittently to keep the HCl1 at approximately
the original concentration. The distillate was ocollected under

a oc0ld saturated solution of 2,4-dinitrophenylhydrazine in

dilute HCl. The latter became oloudy after the first few drops
of distillate ceme over, and & precipitate formed orn standing.
The pracipitation was not due to the COp; evolved. Two re-
erystallizations of the precipitate from dilute ethanol gave
lemon yellow needles, m.p. 63-64°C. The latter was not soluble
in dilute sodium hydroxide. Anslyses are in progress.

The WS - HCl1l distillation was continued until the solution
being distilled began to change in color from lemon yellow
to reddish brown, at which time the WS had almost campletely
dissolved. Up to this point the distillate gave a negative
aniline acetate test for furfural.

A fresh sample of dinitrophenylhydrazine was then plsced in
thic receiver and distilletion continued. Whereas the rfirst
precipitate formed had been yellow, the distillate now coming
over gave an orange red precipitate. Two recrystallization
from dilute ethanol gave a dark red solid melting at 182-184°C.

CONFIDENTIAL
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Mixed with syathetic furfural-2,.4-dinitrophenylhydrazone, it

szlted at 183-135°C. Huntress-liulliiken (Identificaticn of

Ture Organic Compounds, 38 (1941})) =zives ca. 185°C, as the

m.p. of nixiores of the vellow and red forms of the derivative,
1lied 'rith 5C c¢c, Of 13% HC1 at 30-35°C,

Copicus €22 svolution occurred, but the

‘a5 @ueh Slower then whso the digtiila+tian
a0soneric cressure ag indicated by the fact
mained unc18solved aiter 30 cc, of solution

The distillate gave a negative an.line acetate test for
furfural, gave no precipitate with barium hydroxide, but did
give a precipitate with 2,L-dinitrophenylhydrezine. These
observations point to the presence of the above mentioned non-
acidic volatile carbonyl compound.

The WS which remained undissolved hed about the same base
solubility as tne original WS, indicating that decarboxylation
probably occurs simultaneously with the decomposition of the WS
into water soluble components.

Products from the Residual Sclution

The residues from ssveral WS - HCl distillations were charcoaled
and neutralized with NaOH. After evaporation to dryness under
reduced pressure, 50 oc. of ethanol and 1 cc, of con. sulfuric
ucid were added and the whole refliuxed for 4 hours.

After filtration from the precipitated salts, the alcohol
solution was concentrated under vaocuum, 10 c¢cc. of water added,
and the solution again charcoaled. To 2 cc. portions at the
lemon yellow filtrate were added 3 drops of phenylhydrazine in
dilute acetis aonid. The solution immediately became cloudy,
and precipitation ocourred on standing. Two recrystallizations
from dilute ethanol gave buff-white crystals melting at

103-106°C. Mixed with synthetic ethyl levulinate phenylhydrazone,

they m=1lted at 104-106°C.

When a dilute calcium acetete sclution was added to & sample

of the charcoalsed WS - HCl distillation residues, the latter
immediately became cloudy, and formed a precipitete on standing
overnight., The precipitate rapidly reduced werm dilute acid
permenganate, This was taken to indicate oxalic acid, although
the latter has not been confirmed further.

Tests on the Red Substance (RS)

Our RS has an odor {(other than that due to oxides of N) very
similar to that of levulinic acid, end since the latter was
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found as a W3 - HCOL decomposition product, it was sought {dut
.3 not es yet been identified} in RS,

of RS (7A-56-26), previously concentrated in vacuo over
ic acid, was reiiuxed [or 4 ours with 30 cc. of eiiianol
O cc. o con, sulfuric weld., Tue dark 1ed sclution was
lized with sodium bicerbonete, filtered, and excsss

t and other volatiles removed under vacuuwr.
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=
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Thooo Ais id (10 co.} was dilnted to 3C cc. with water,
iltered. The light yellow filirate gave an

[A{]
t

- €
- e

y by

i
Al o vmA~n ]
WiiCidh VWU e

0 ¢
(8T

acid. This yellow-orange preocipitate, after six recrystal-
lizatiors from dilute ethanol, wmelited sharply at 185-6°C,,
recelling the slightly lower melting phenylhydrezones
(10A-063-26 and 21B-92-13) previously isolated from R3. An
attempted preparation of the semicarbazone gave an simost white
product melting above 240°C. The phenylhydrazone of glyoxal is
repcried tco melt at 188-170°C, (values to 180°C. asre also
given) while its semicarbazone melts at 270°C, Since ethyl
levulinate {b.p. 205°C.) rather than glyoxal (b.p. 50°C.) was
being sought, a considerable amount of the latter may have
volatilized during concentration of the suviution in vaocuo. In
connaction with the above see the last monthly report of

M. L. Wolfrom (PT-18, page 54 ff.)

Work on the problem to date tends to favor the view that WS is

essentially a nitric acid ester of a polyglucuronic acid,
Additional evidenoce for or against this hypothesis is being

investigated.,
Decomposition of the White Substance by Water Alone

Work has been continued on an examination of the products
odtained on decomposition of WS on beiliing with water without
the addition of HCl. Tre evidenoe previously presented for

the formation of oxalic acid under thease ciroumatances has

been confirmed. Last month a orystailine cadmium salt was
obtained whioch furnished analytical figures epproximeting those
of cedmium oxalate, This cadmium salt has now been nonverted
to calcium oxalate, which has been identified by permanganate
titration and by the isolation of pure oxalic acid from it.

In the last monthly report it was suggested that oxalic aoid
itself might be a constituent of i3 rather than a decomposition
product of it. This view has now been definitely disproved.

An aqueous extrect of WS was prepared by dissolving WS in the
minimum emount of alcohol and ouring this solution into water.
The resulting suspension was filtered from insoluble material

CONFIDENTIAL
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and the process repeated three times at the end of whioh 75% of

ths JS was in sclution. This solution was then concentreted
under reduced pressure with the temperature never rising

above 30°C, Atter making the concentrated solution ammoniacal,
calciunm hydroxide sclution was added, but no precipltate of
caicium oxalate was found. We .nerafora onc ude that oxslice
acia is Tormed Jrom W3 oniy on heating with water and 13 Lo be
conaidered 2 decomposition product of ths :&tezﬂ:l.

¥her, amnoniuc nydroxide 13 saaded Lo an equeous sSolutlon of Wwo
prepared s above, there is immediete darkening of the solution
and 3ome Larry wrstor‘_\‘_‘_ cov\arni’ﬁc. A‘P‘PDI‘ f‘{-lfration of the
tarry material, thae dark colored filtrate was allowed to

evaporate at room temperature during which a pertly orystalline
preﬁlpiuate presumably of an ammonium salt, separated. Attempts
to purify this snd free it from contaminating tar have rot

been particularly successful. Efforts along this line are being
continued.
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CONTROLLED DACOLPCIITION OF NITRCCELLULOSE

Keport Submitved by
¥, L. Wolfronm
Ohic State University

SurRary

Aliciy ol G.U TepUrbed {or ilormmidenyde, glyoxal, formic acid,
geeiic seld, ouuyl acevate and water on RS frowm sieets of NG,
- : - B e . N an

both 12.8% I and 13.4% N, treated with nickel and untreated.

Material.

Sheets of Nitrocellulose, both 12,6% N and 13.4% N, containing
nickel were prepared according to a procedure obtained from
Ceptain Frazer, iberdeen (letter dated January 31, 1944). Samples
of RS were then prepared in the ususl manner,

Experimentel.

1. The Preparation of NC Sheets Containing Nickel,

Sheets of nitrocellulose ilumpregnated with nioke% were prepared by
a procedure obtained from Ceptain J. H. Frazer,< Aberdeen.

An acocurate estimation of the water content of the nitrocellulose
{NC) was made by determining the loss of welght when the NC was
dried in a vaouum oven at &0°C,

A quaentity of the moist NC was suspended in 2 liters of distilled
water in a ¢-liter beaker eguipped with a mechanical stirrer and
the slurry stirred for thirty minutes. 4 solution of 0.5g.
(0.0125 mols) of sodium hydroxide dissolved in 100 ml of water
was added, After stirring for ten minutes, a solution of 3.42 g
(0.013 mole) of nickel sulfete hexahydrate (Ni304,6H20) dissolved
in 200 ml of water was added and the slurry stirred for an
additional thirty minutes. The mixture was taoen washed four
times with water by decantation, filtered, dehydrated with
absolute ethanol and dissolved in ethyl acetate in the usual
ma?ner. Sheets of NC thus prepared possessed a very faint green
color.

2, Estinaticn of Nitrous acid in the Presence of NKitrates.

Using the method of cdlisrd o csample of (ca. 0.2 g.) freshly
prepared trap RS was diluted to 50 ml. and mixed with three
drops of dimethyl anilire reesgent (8 g. dimetnyl aniline and

9 ml. concentrated hydrochloric acid diluted to 100 ml.) and
one drop of concentrated hydrochloric acid. After standing for
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low color of the RS solution was compared

thirty minutes, the yell:
vitin o gtandard of sodium nitrite treated in the same manner. Ths
content of nitrous zeid was estimated to be less than 0.1% in RS.
Clder samples of RS {(one to four weeks at 4°3.) geve negative
Leu Lo iGTr nitrous aclid.

3. Determination of CHzx-C Groups {acetio 4cid, IZthenol,

LY AVI ACEtLETE]

Using the procedure of Xuhn and Rothd a samplc of RS was analyzed
for CHEz-C groups.

A 500-ml. three-necked, round-bottomed Iflask was provided with a
reflux condenser, dropping funnel and a tube extending nearly to
the bottom of the flask for introducing dry sir. The air was
passed through concentrated sulfuric acid (to which a 1little
chromic anhydride wes added), 40% sodium hydroxide and dry soda

lime,

A weighed quantity of RS (ca. 1 g.) was placed in the flask and

100 ml. of okromie acid solution (i6.8 €. of chromic oxide, 80 ml.
concentrated sulfuric acid and 20 ml, of water) was added slowliy
from the dropping funnel., At the end of the addition the reaction
mixture was refluxed gently for two hours. A stream of dry air

was giowly pessed through the mixture to prevent bumping and to

&wsep oul any carbon dioxide formed. The mixture was then cooled

and hydrazine hydrate (50% aqueous solution was added very ceutiously
until a gresn tinge appeared. The mixture was neutralized with 40%
sodium hydroxide follcwed by acidification with 85% phosphorie acid.

The mixture was then steam distillad at constant volume snd the
CHa-C groups determined as acetic acid by titrating the distillate

with standard base,
4. Determination of Ethanol by Fotassium Dichromate Oxidation.4

The steam distillate of nzutralized RS (ca. 0.2 g.), 25 ml. of &
0.2 N potassium dichromate and 4.5 ml, of dilute sulfurioc agid
(1:5] wers placed in & citrate of magnesia bottle and tightly
stoppered, The bottle was heated by steam for six hours, coocled,
and transferred %o an iodine fiask, A 2% solution of potassium
iodide were added and allowed to stand for thirty rminutes. The
lcdine was titrated with 0.1 N sodium thiosulTate. 4 blank
determination was run,

D, Conclusions.

It is to be noted (Takle III) that glyoxal and formic acid are
present in approximetely equimolar amounts, together with very
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significently smaller iwolar amounts of formaldehyde and ler
melar amounts ol water.

x

rThe nitroceliuiose of 13.4% nitrcgen content produces a smaller
smount of intermediate decomposition products than the nitro-
cellulose of lowsr nitrTogen content (12.5%)(Tables I and II).

Thus, the Yormér has proceeded Iurvher toward ohe sStage oi coupleis
L‘At}"_'.‘\,);.;s})'u‘i: ; Valila

VWhen nlckel is incorporated in the nitrocellulose of liower nitrogen
content {(12.8%), tha yvialds of intermedists decomposition products
show a trend toward lower values {Tebles IT and IIX), Thig effect
is not strongly marked but would appear to be real. Therefore

the nickel would appear to promote more compléete decomposition
of the nitrocellivlose.

The determination of CHaz-C groups in RS were carried out by the

of Kuhn and Roth® to determine the amount of ethanol present in
KS. The method is not quantitative in this application. However,
when considered in 1’ght of the determination of ethyl acetate

by saponification and the determination of acetic acid by
distillation, it is evident that there is not an appreciable
amount of ethanol present. Approximately 89% of the CHz-C groups
determined as ethyl acetate and aocetic acid were found by the
Kuhrn-Roth method.

The oxidation of thg stcam distillete ¢of neutrallzed RS by the
mathod of Poznanski®*, whioch would convert the free ethanol and

that combined &8s ethyl acetate to acetic acid, was not quantitative.
The aaount of potassium dichromate consumed corresponded to 80%

of the ethanol present as ehtyl acetats.

Freshly prepared trap RS gave weak testsl for nitrous acid (less
than 0.1%).

It seens apparsnt from our work that the significant compoments of
RS are formaldehyde, glyoxal, formiec acid and weter.

References
1. E. Holl Miller, Anelyst, 37, 345 (1912),
2, Oommunication, Capt. J.H. Frazer, Aberdeen January 31, 1944.
3. R. Kuhn and H. Roth, Ber., 66, 1274 (1933).
4. S. Poznanski, J. Am. Chem. Soc,, 50, 981 (1928).
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Tyrical Yields in Grams of 4S5 from 100G g of NC

12,8 13,14 &
ivickel Wickel
zthyl Catalyst Catalyst
Acetone  acetate mthyl ncetone  Acetate rthyl
Shaet Shaat. Jdoretata Shaat Skaat aratatna
‘fuha 24,9 25,7 17.8 1.5 22.2
Trap 16.0 16.0 17.5 18.5 15.6 15.8
Total 40.9 4402 36-3 27.1 38'0
Table II

Distribution of RS in Tube and Trap. Reeorded as
millimols per gram of NC

12,66 N 13,44 N
Ethyl acetate sheet Ethyl acetate sheet
Plain Nickel catalyst Plain Nickel catalyst
Tube Trap Tube Trap Tube Trap Tube Trap
lyoxal 1,32 0,22 1,03 0.19 0.62 0.19 0,90 0.14
Formaldehyds 0.56 0.C1 0,68 0.00 0.46 0.05 0/57 0,00
Pormic acid 1.19 0.98 1,05 0.51 0.65 0.88 0.79 0.51
Water 1.80 1.9 1.19 1.26 1.2 2.5 1.45 1.80

Table III

Coaponents of RS Recorded as Millimolss (tube and
trap ccmbined) Per Gram of Nitrocellulose

12,68 N 13,48 0
Ethyl acetate sheet Ethyl acetats sheet
Plain Nickel Catalyst Plain Nickel catalyst
Formic acid 2.17 1,54 1.55 1.47
Water 3.70 2,45 3.95 3.11
Glyoxal 1.55 1,22 0.81 0.96
Formaldehyde 0.56 G.68 0.50 0.57
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2.4 B 13..F N
Zt0Ac sheet EtQac sheet EtOac sheest  EtQAc sheet
Wiviesiea i catalysi _unireated Nhi catalyst
Tube Tra Tube  Trap Tube Trap Tuce Trap
Formaldehyde 6.7 0.24 o ;;6 0 10,2 5,5 7.6 0
lyoxal 30.2 7.6 22.5 6.3 25.0 6.7 23.3 5.2
Formic acid 22,0 27.2 17.4  13.4 20,7 17.7 16.4 14.8
Acetic acid 1.4 11.9 1.1 21.2 4e2 9.5 3.2 17.6
Water 12,9 20.7 8.5 12.9 11.6 21.5 11.5 20,5
Ethyl acetate 3.5 16,6 - - - - - -
Nitric acid -  cu.,1.0 - - - - - -
Nitrous acid - (0.1 - - - - - -
Total 76,7 85.34 57.1 23.8 Ti.7 60.9 62,0  58.1
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STUDIES RETATING TOC
THE PREPARATION AND PROPZRTIE: CF MeNcNA

Sumuary
1. MNeNENA was prepared very satisfactorlily on a largsr scale
than herstofore. No disadvantages in a large scale batch pro-

cess seemed apparent.

2. The solubility of MeNENA in a solution corresponding to
the diluted and neutralized mother liquor from procedure XXIV

was determiried.

3. A film reactor for use in the preparation of MeNENA, DINA,
and other nitroxyalkyl nitramines wherein the Bamberger reactlon
is employed is under construction. A preliminary descriptlion

of the apparatus is glven,

4. The preparations of N-(/3 -nitroxyethyl) ethylnitramine and
N-(f3 -nitroxypropyl) methylnitramine which are related to MeNENA

and NENA are described,

Discussion

Bxperiments on the Prreparation ol MsNENA

The preparation of LeNENA on a larger scale than carried out
previously disclosed no difficulty of operaticn and gave 86.9
percent yields of MeNENA (three mole run).

The preparation of the amine-nitric acid solution by the con-
current and simultansous addition of the amine and nitric acid

to an amine-nitric acid solution was found to be very advantageous
in controlling the temperature of the first step of the reaction.

Solubility Data on MeNENA

The solubility of MeNENA in a selution corresponding tc the di-
luted and nsutralized mether liquor from Procedure XXIVZ was

r e—— e mm G G e e e . e e wn e e mm Sar e e ewe e e e e AR e e ame S S

1. Division 8 Interim Report PT-18, page 78 ff.)

2. PT-18, page 78 ff,
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deterrirned. The solution contains theormticually 2.2 moles of
scdlun: & state and 0.05 moles of sodiwn nitrate in 532 cec. of

¥]
4

water aiter neutralization with sodium carbonata. This corres-
ponds ie30 concentrations of 0.4 moles of sedium acetate and
0.00¢ yasles of sodium nitrate in 10C cc. of water. The solu-
pilityc of delduNA in this solution wes dotermincd by adding a
velgonel I ermount of MeNENA and filiering off tiie undissolved
msteri:l:l after shaking for twenty hours at ronm tamnarotiuras,

the scicuritility was found to ve T.C88 g. of NeNENA per 100 cc-.
of watix:¥s t'Or Procedure XXTV this corresponds tc a locs of
product . 0T C.48 g, of MellRlA or 0.6 par cent of the thecret
yield.

a1

=

Designcef Apperatus for a Continuous Process for MeNEN4 and
Rulatel . tompounds.

A filmrractor is under construction. This consists of a
S-inchodlane ter, 4-foot long Pyrex tube which will be mounted
on incllired motor driven rollers. Continuous feeds at the
upper swind of the tube will maintain a continuous film of
reactiizg material on the inside surface of the tube. The
materiilll will flcw down the tube due to the incline and will
fiow o2t the end and be quenched in & raceiver containing ice
and waxele

Furthe: details of construction and opsration will be reported
when tie apparatus has been put into actual use.

Othar harf vativas of NENA

The syidthesis of N-@@-nitroxyethyl) nitramine (NENA)® hes been
reportiid and the synthesis of N-(8 -nitroxyethyl) methylnitra-
mine (h®FZNA )4 has baen described snd the expiosive properties
of thexs compounds ascertained.

The prepiration of two derivatives related to NENA and MeNENA
bas bewm carried out for the purpose of obtaining data on

their axpilosive properties. These are N=(8 ~-nitroxyethyl)
ethylni:ftramine (EtNENA) and N-(/3 -nitroxypropyl) methylnitramine
(MeoNEtiAle Doth of these nitroxyalkyl nitramines are obtainable
from tke corresponding alkamine dinitrate, acetic anhydride

and a ¢aloride catalyst.

) P1-1'Y, page 65,

4 pjvssion 8 Interim Report PT-17, page 65 If.;
PT-13, page 64 {f.
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Thne preparation cof ZthEZia was carrlied cut accordling to the
fellewing:

ng: .
CoHs-NH-CHoCHeOH — BNO3 | C2Hs-NHp-CHZCH20NOZ
HOs~
CoHe-NHoY-CHoCHoON0s  2E20 | GoHs-N-CH2CHR0NOZ
503" o T0p

e oNEZNA was prepared as follows:

7

CHx-NH-CHpCHOHCHz  _1MNO03 CH3~NH2+-CH2fHCH3
NOz~  ONOg

CHxz-NHot-CHoCHCHz g;gﬁ____é CHs-?-CHz-?H-CHs
N0z~ ONOo NO,  ONOg

EXPERIMENTAL PART

e e e A .

n 2 3 - A
FErDPALIRALVLIVIL VLI mONLINA

Into a one-liter four-necked flask provided with stirrer,
thermometer, and two dropping there was placed a solution
consisting of 37.5 g. (0.5 mole) methyl ethanolamine and

7.7 g. (1,05 mole) of 98 per cent nitric acid. This mixture
was prepared as describsd in Procedure XXIVS. There was then
added concurrently and simultaneously 18.75 g. (2.5 moles) of
methyl ethanolamine and 338.5 g. (5.25 moles) of 98 per cent
nitric acid. The temperature throughout the addition was
kapt at 10-15eC.,

o

The three mole mixture of alkamine dinitrate was transferred to
a dropping funnel and added to a solution of 708 g. (6.6 moles)
of acetic anhydride and 5.2 g. (0,066 mole) of acetyl chloride
contained in a three -liter flask. Moderate stirring was
employed and the reaction maintained at 35°C. The addition
required twenty minutes. After the addition the reaction was

5 pr-18, page 78 ff.
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stirred for fifteen minutes at the samne temperature and then
poured ovar 2300 ce. of ice and water. MeNENA precipitated
nd was iiltered and wasned with thnree 300 c¢c., portions of

s g 1 A ~ : +
santar. Thara wae ~htained 416 of +the subsgtance, mcolting

- N D. AR - -
gt 37-350C.

e Tillrets conteining ths wsshings wass neutralized with a

calculiatad amnunt of c,n.—]innf: rarhono to A?D:‘C:’.ifﬁs.t:‘:l? an S' o

aiditicnezl pruduct was cuvtalnea, Ghis was recrystallized Ifrcm
+ mnd Ll © was obtained 14 g. o7 second crop MeNENA; depe

Total Yield: 86.9 per cent.

Preparation of EtNENA

Into a 500 cc. three-necked flask containing 67.7 g. (1.05
moles) of 98 per cent nitric acld and equipped with stirrer,
thermometer, and a capillary-tipped dropping funnel whose end
was lmmersed below the surface of the acid, there was added
44.5 g. (0.5 mole) of ethyl ethanolamine. The contents of

the flask was coocled externally and the temperature majintained
below 10°C. during the addition.

The amine-nitric acid mixture was transferred to a dropping
funnel and added dropwise %o a solution of 118 3z. (1.1 moles)
of 95 per cent acatic anhydride and 0.86 g. (0.011 mele) of
acstyl chloride contained 1n a 500 cc., thres-nacked [lask.
Modarste stirring wes emplovyed snd ths reacticon was maintsined
at 35°C. After the addition of the amine-nitric acid mixture
which required fiftsen minutes, the reaction was kept at 35°C.
for an additicnegl fifteen minutes. After pouring the contents
of ths flask into 550 cc. of ice and water there was obdbtained
an 01l which was separated and washed successively with two
100 cc. portions of 5 per cent sodium bicarbonate and two

100 cc. portions of water. After filtering, the pale yellow
011 was dried by bubbling dry air through it. There wsas

obtained 73.4 g. (82 per cent of theoretical) of N-(f3 nitroxyethyl

ethylnitramine melting at 4-5.5°C.
DZ5 = 1.32; n2% = 1.479,

Theoretical molecular refraction = 38,75. .
Ooserved molecular refraction = 38.4.

CONFIDENTIAL

- 80 -




Mi- = yriamnw e F 8y
L8 brepars LN
N STy . R
fd: CRIMIPIsSa OuUl
- I ';,“!,‘ -
I REEMA L using
=

. - - .
1 T = -~ -
from 44.5 g. (0.5 moie) «
~ - B YA S
- SV S S VAU CR Leard nta st n e
—— PRI § o Il [ aXa S Er-9 1!:.;11(\
i v L aT s R Z - B
25 A
™ & O
™ —_ 1 T e
L e TodeJ& 17 =
4 y 07 1.4
o

Theoratical

molscular

Ooserved moleculer re

i _j{?g{\"‘"nv«n
m

=4
D~ et

Lo R

CONTIDENTIAL

/2 -nitrexyoropyl) methylnitramine,
greperation
ne matarial msthyl isopropasnolamine.

.
>
f'er th

refrection = 38,75.

afraction = 38.5.

CONFIDENTIAL




COLFIDZITTIAL

STURIES OF IITRA LiES

Herort Subnitted by
R, L. Sariner
Indiane Unliversity

Sunzary

A study of the nitration of sym. diphenyl gusnidine was
““““ L0 ovbtain the haxanitro-dsrivative and

Yooy
CERT It is deésired

higher derivetives in sufficient quantity for testing.

Several nitrated intermediates have been obtesined but
their structure 1s uncertaln because no analyses have been made,

Experirental

Nitration by acetic anhydride and $8% nitrie acid at 0°C.

Te 20 cc. of 98% ENO, cooled to 10" was added with stir-
ring 20 cc. of acetic anhydride containing a few drops of acetyl
chloride., The mixture was cooled to 0°C and 5.3 g. (0.025 moles)
of diphenyl guanidine was added portion-wise with stirring.

The addition took 1 1/4 hours. It was stirred 1/2 hours longer
and then poured into an ice-water aixture. The solid yellow
product was vrashed with ice.H,C, filtered, dried, and wei_hed
7.0 . {The groduct Jjuat aftér filter;ns sesmned to hold a great
deal of water which sesmed tc effloresce.) The crude product
melted between 80” - $0°C and burned very fast leaving a black
ash. It is soluble in het acetone, hot watsr, hot 95% ethanol,
and hot ethyl acetate but only slightly scluble in ether and
benzene, It was recrystallized from ethyl acetate by evapo-
ration giving yellow crystals that melted 157-159°C with foam-
ing end decompossd at 175-180°C., It burned very fast in the

open flaue.

Nitration with 98% nitric acid and con. sulfuric acid at O°C.

To a uixture of 8.5 cc. of 98% HII0z and 21.9 cc. of
con, HpSO4 was added 2.0 g. (0.0l moles) of diphenyl guani-
dine at 0°C with stirring. After the addition the solution
was kept at 0°C. 1/2 nour longer, then poured into ice and wvater,
The yeilow solid that precipitated was washed a few times with
ice water and then dried in the air, It weighed 4.5 g. It
melted 182°-184°C with decomposition when recrystallized by
évaporation from ethyl acetate, In an open fleme it burned
the samne as tne product obtained above,

CONFIDLL.T
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a4 soluticn of & 3, (0.024 moles} of diprenyl suanidine
1u i ca. of com, sulfuric aecid wes aildded dropvise over a
2 hour periosd to 1€ cc. ¢! Ifuming nitric acid at 35° - 40°C with
constent stirrine. After the adiit13ﬁ the stirring i3 con-
tinued 1/2 hour, then the sclution was slo”lv hested to &0°C
and lelt standing a4t room tespera LJ‘B OVETIDladi®, LU W Llivi
trealsd with ice and waldr glving o yollow =220lid which filtered
and dried. It weixhed 7.g. and melted after crystallizetion
from ethyl acetate, 132°-155°C.

To e mixture of 4 cc. of cone. sulfuric acid and 8cc. of
fuming nitric acid was added 5 g, of the above crude product,
The suspension wss heated on & steam bath for 1 hour with con-
stant stirring, then treated with ice and water. The dried pro-
duct welghed 5 g. It was crystallized froa ethyl acetate
giving two crops of yellow crystals that melted at 176°-178°C,
and 196°-200°C. with decomposition. In an open flame the
higher melting material bturns faster sid nore completely.
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Tclarsgraphic Investigation of antimonocus Sulf

fom mrrv. v ve v N v e Frutr i Q “A—e t3bn e i i e - nfsi’ut’e . -
Li A N U Ld e ) - "dn) M s b vqu

ok Jdd }JL‘J‘AU\AD LU:UAU \I‘“L\.’ a
that SbsSa can be dissolvea in a hot solution that is 4 M in
potassiwr tartrate, ter diluting fourfold tne solution yields

a polarogram that comprises a feirly well defined anodic sulfide
wave and a poorly defined cathodic antimony wave. It was

pointed out that entiaony and sulfide sach have a deleterious
effect on the definition of the wave of the other. Furthermore
it was shown that addition of + 3 antimony to a sulfide solution
decreases the diffusion current of the sulfide to a marked extent.

To determine if the diffusion current of sulfide ion is directly
proportional to the concentration of sulfide when the ratis of
the concentrations of antimony and sulfide is kept constant,
numpercug axperimenta were performed in vihioch various amounts of
antimony sulfide were dissolved in the alkaline tartrate
solution and the anodic sulfide diffusion ourrent was measured,
Although a feair proportionality was obtained between the weight
of StpSa taken and the magnitude of the sulfide wave, several

Gdiffiocuities aruse and crratie resulis were obtained frequently.

] -~ S S 4 14 4;- ord
Most of the difficultics were later traced to air oxidation

of the sulfide ion during the solution of the antimony sulfide,
which dictates that oxygen (air) must be excluded during the
solution process.

It was also noted that solutions of SbpSz in the alkasline tartrate

medium slowly deposit & dark precipitate after stending for a
few hours. Polarcographic analysis of this precipitate showed
that it contained antimony.

Because of these complicstions we have decided to ebandon
attempts to determine sulfide directly from the polarogram of

the alkaline tartrate solution of SbySz, and heve begun
experiments in which the sulfide will be separated from the
entimony prior to its polarographic determination. In the method
now being developed samples of SbpSz are dissolved by boiling with

the alkalline tartrate solution under reflux and in an atmosphere
of nitrogen, When solution of the sample is complete, an excess
of hydrochloric acid is added, the solution is boiled gently,

and the hydrogen sulfide is swept cut with nitrogen and absorbed




RN

CONFIDENTIAL

in a soluticn of sodium hydroxide. The reoceiving solution is

then mede up to known veolume and the anodic sulfide wave 1s
mMea Ruvirscan s 1®13s 1o :'..'\:a;.ﬂ' At i‘%w;\ug}'\ o vofliiy

-------- - — - T e T e e amy W S ol L R - - W - AdA W - L PR .

condenser te prevent 1o03s ef antimony ohloride frem the

acidified solution,

The anbimony i1s determined by diiuting the residual sclution
t5 wnown voiuwze in 1 N hydrochlorio acid, and récording a

Wi Iiillive.s

-
Al mmorvmmms A blad o Tiede & oaen
— o aa oMb Lalil Wa Vardw W dewWuaVide

ocedure will lead to

- lfide and antimony, and
e appiicabls VLo relatively smell quantities of .
complete description of the apparatus and analytical
procedure will be given in next month's report.

Tentetive Plan of Analysis of Primers

Sufficient information about the polarogreaphio ocharacteristios
of the chief components of primers has now been obtained to
Justify starting on the analysis of typical primer mixtures,
Provision is being made for the possible presence of mercurioc
fulminate, lead azide, and antimonous sulfide, wmixed with
ocharcoali, sulfur, potassium chlcrate, etc,

e i s S ——— .- =

It is planned first to extract the sample with an ammonium acetate
solution, whioh will dissolve lead azide, mercuric fulminate, .
potassium chlorate, and cther water-soluble salts. After
acidifying this solution with hvdrochiorie aanid the meroury

and lead can be determined simuitaneously from a single polarogram,

Experiments have shown that SbgSz is suffioiently in ammonium

acetate solution to remain quantitatively in the residue for
the first extraction, and hence it is planned to determine
sulfide and antimony in this residue as described abdbove.

If lead thiocyanate and/or lead styphnate are present in the
Sample they will both dissolve in the ammonium acetate extract,
and should thus be determinable without much difficulty.

It may also be possible to determine azide in the ammonium

ecetate extract from its anodic weve with the platinum miere-
electrode (See PT-18), provided that conditions oan be arranged :
to avoid its decomposition,

Since thiocyanate ion produces an anodic wave with the dropping ‘
eleotrode we expeot that it may al3o be possible to determine 1
thioocyanate in the ammonium acetate extract. l
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Cuprcus thiccyanate i3 also frequently present in primers and
prevision for its deverminstion will alszo have to bo made, By
performing the extraction with ammonium acetate in a nitrogen
atzosphere to eveid oxldation of the cuprcus oopper, the cuprous
thioovanate will probaply remain guantitatively insoluble and
probatly can be determined glong with the antimony

it~ will not be dsterminable polarcegraphiecsllv, but 1t should
40D luteriere with ihe other determinations

A5 scon as the method of dotermining StsSz has besnm worked ocut,
gxperiments will te started with gynthetic primer miztures con-
taining a1l of these substances,

CONFIDENTTAL
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POLAROGRAPHIC EXAMINATION OF EXFLCSIVES

Report Submitted by
V. W, lfelochs
University of Wisoonsin

T 18 L f}."xfﬁlm S5 -

In our last report (PT-18, page 92 ff.) introductory inrformaiion
about the sotion of diphenylemins a2 a gtabilizer for nitro-
sellulose wes given. Wa reported the cutiine showing the
transformaticus of diphenylamine as given by Davis and Ashdown (1).

A later reference gives a more complete picture of the changes
oocurring. Beoker and Hunold (2) give the following series:

1. diphenylamine

2. d4diphenylnitrosoamine

3. 2- and 4-mononitrodiphenylamine

4, 2- and 4-mononitrodiphenylnitrosoamine

5. 2,4'- and 4,4'-dinlirodiphenyliamine

6. 2,4'- and 4,4'-dinitrodiphenylnitroscamine
7. 2,4,4'-trinitrodiphenylanine

These compounds were detected by color reactions in powder whioh
had been hsated st 100¢0,; 2, ({above) detected before heating
started; 3, after heating one day; 5. after heating three
days; and 7. after heating four days. This presents a more
compiicated piocture than that described by Davis and Ashdown.,

II. ¢Change of solvent for the system.

In the last report we indicated that our present work was to

be done in 9C per cent alcoholic solutions. Nitration pro-

ducts of diphenylamine have only limited solublility in such a
system, In the examinstion of other solvent+water systems, it was
found that dioxane-water combinetions with as high as 50 per nsert
water gave ood results. At present we have not obtained all

of the products from the abnve series that we need. For this
reason we used 80 per cent dioxane. This ought to provide a
sufficient margin of solubility so that no change will be
necessary when we begin work with other compounds of the series,
One disadvantage of using a system of this compoaition is that

one is limited in the numbar of supporting electrolytes which are
usable, Lithium hydroxide, sodium hydroxide, potassium hydroxide,
lithium chloride, sodium ciuloride, potassium chleride and ammonium
chloride were found to be of limited use because of the tendenocy
to promite the formetion of two layers in the dioxane-water

1., Davis and Ashdown, Ind. Eng, Chem. 17, 674, (1925)
2. Besker and Hunold, Z.ges.3chiess u. Jprengstoffw.,33, 213,
(1938) and 33, 244, (1938}
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system, Kerz anc Lorentz {3) give the solubilitles ¢f scms
additicnal salts and orgsnio acids in dioxane-water systems, aleng
=44 7.0&,-,% tnnc{nn

with useryl information on density, viscosiiy and surf ension
messursrpents.

recautions in the use of corxner-

Hention should be made of »p

oizi dloxsae. The usual preduct freguently contains small amcunts
At glveol acstal and water, After svanding, the b]YbOl acetal
nyurolyar; and the lidercsted acetoidenyae gives rise Lo rapid
peroxidc forzastion., Purification and proper shorege elininste
this dankser and render the dioxane entirely satisfactory for
polarsgraphis purposas. Purifiocation of the dioxane used in

the present work is described below.

III. naterials.

Dioxans: Six liters of cocmmercial dioxane, mixed with 85 ml of
hydrochloric acid {SP.G. 1.175) and 600 a1l of water, were re-
fluxed for 18 hours while a glow stream of nitrogen was bubbled
through the solution. This was oooled and potassium hydroxide

was added until an excess was present and two layers had
separated. The upper dioxane layer was decanted and the potassium
hydroxide trastment repeated; contaoct with the potassium hydroxide
pallets was continued for one hour, with occassional shaking.
Dioxane was again decanted into a clean flask and refluxed with
metallic sodium for eighteen hours, a very slow stream of

nitrogen being passed through the solution during this period.

The dioxane was then distilled from the sodium in the preasence

of nitrogen, collection of the distillate baing nade in the
absence of air. The product was gtored under an atmosphere of
nitrogen. See references (4) and (5).

HCL --- reagent grade -- polarographically checked,

Ethyl aloohol -- purification in previous report,

Lithium chloride ~- polarographiocally checked,
N-nitrogsodiphenylamins -- synthesis and reference in PT-18,
p~nitrosodiphenyiamine -- Eastman -- white label,
4-nitrodiphenylamine ~-- Bastman -- white label.

(3) Herz and Lorentz, Z. physik.chem. Abt. A 140, 408, (1929)
(4) Hess and Frahm, Ber. 71B, 2627, {1938)

(5) Fieser, Exp. in Orgenic Chem., Part II, 368, (1941)
Heath Publishers, 2nd E4.
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N-Nitrosodiphenylamine.
(a) Acid solution in alcohel.

fadle I
H-bi .:o.‘:wu_‘.,uc.;; laxine in % alechol (:J T'*lu}.“.e)
Supporting elsctrolyte 0,1 M HCX and C.4 ' LiCl

AeICury pressure - 58.0 om

P/m -- 40.3

Drop time at 1/2 wave potential 3,50
Hydrogen stream -« 10 minutes

mmols/liter ma 1z/¢
l. 005 3927 ea;"é 1/8 \\'QVO - - 0.67
2. 1.0 4,72 8.72
3. 1.5 10,63 7.12 1. /002 3¢}/ 60 4 24
4. 2.0 14.40 % .80 at 1 mmol
5, 2.0 17.904 7.18

(t) Alkealine solution im aleohol.

Table II

n-u;tfosoupnvnyluune in 00‘;
Supporting electrolyte 0.1 M NaGH ar~
Moroury pressure 58.3 om

P/m - - ‘003

Drop time at helf wave potential 2.7
Hydrogen stream - 10 minutes

muois/liter ma ia/o
1. 0.5 1.76 3.52 1/2 wave -- 1.17
2, 1.0 3.23 3.23
3. 1.5 .93 3.20 14/cm2/3e/6. 2,03
4. 2,0 6,668 3,33 at 1 mmol
5.%% 2.8 8.31 3.38

nean 14/0 = 303‘
** This ourve shows a slight maxiuium
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V. N-WNitrosodiphenylaaine acid solution in disxane,

Table IIT :
N-Nitrosodiphenvlamine ;
30% dicyxane by volurme
Suvporting clcctrcliyte 2.2 ¥ ums '
Mercury vressure §3.3 om :
T - - Ay g
o [/ wsa T e .
Drop time at half wave -~ 3.85 geo :

zmols/liter ma iag/e :
i
i. 0.5 3.72 7.44 1/2 wave = 0,67v
2. 1.0 7.32 7.32
3, 1.5 11.07 7.38 1a/Cof/341/8. 4,58
4, 2.0 14.94 7.47
5. 2.5 18.00 7.20

mean i4/0 = 7.34

VI. P-Nitrosodiphenylemine in dioxans, acid solution.
Table IV .'

p-Nitrosodiphenylamine in 80% dioxane (by volume)
Supporting electrolyte 0.2 M HC1

Mercury pressure 58.3 om

P/m -- 40.3

Drop time at half wave - 3.84

mmols/liter ma 14/0 !
1, : 0.5 3,57 7.14 !
2, 1.0 7.32 7.32 1/2 wave = 0,87 :
3. 1.5 11.10 7.33 ’
41 2.0
5. 2.5 18.90 7.66

15,30 7.85 14/0me/341/8. 4 c2 {_
I

mean 14/0 = 7.40

VII. 4-Nitrodiphenylamine in dioxane in acid solution.

When this report was prepared, the curves for 4-nitrodiphenyl-
anine showed a maximum of some prominence, 'We have only now
succeeded in removing this meximum by the use of eosin. Data
for the reduction will appear in the next progress report.
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Addition to dats of] last report,

In the curve for th reduction of n-nitrosodiphenylamine given

il" vhe 1msSi le\J«lU, it should be mentioned that the first

mzll wave is not &l part of the reduction of the sbove named

com;cuﬂJ, The Nave!reported for the reduction indiecates a

simple one siep provess under the conditicns deseribed.

Ut iuo iLulib, |

From data avuilubie[ at the moment, it seems evident thst

the important produgts of nitraticn-oxidation of diphenylamine
will be reducible d the dropping electrode. The fact that the
1/2 wave potential tor p-and n-nitrosodiphenylamine is
essentially the samt wili not interfere with our interpretation
of state of preserviation of the original powder. For this
purposs it will not te necessary to differentiate between n-
and p-nitrosodiphenylemine but rather to differentiate between
the stages listed im Section I of this report.
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